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SOME NEW CONSTITUENTS OF MILK.* 


SECOND PAPEn. 

THE DISTRIBUTION OF PHOSPHATIDES IN MILK. 

By THOMAS B, OSBORNE and ALFRED J. WAIOSMAN. 

{From the Laboratory of the Connecticut Agricultural Experiment Siationt 

New Haven.) 

(Received for publication, October 3, 1916.) 

Having recentl}^ shown^ that the alcoholic washings of the coag- 
ulated protein obtained by boiling the filtrate from casein of cow’s 
milk yield to alcohol a small quantity of monamino- anddiamino- 
phosphatides, we have now examined the alcoholic washings of 
casein and have found that these likewise contain a small amount 
of similar, if not identical phosphatides. We have also extended 
our investigation to the other parts of milk in order to learn as 
much as possible about the distribution of phosphatides in this 
important food. 

The results of this examination have shown that when the fil- 
trate from the heat-coagulable proteins is neutralized to phenol- 
phthalein with sodium hydroxide a precipitate is produced which 
consists of about one-third protein and two-thirds calcium phos- 
phate. This precipitate contains about the same percentage of 
phosphatides as does the coagulum produced by boiling the acid 
filtrate from the casein. Since the coagulum weighs about seven 
times as much as the neutralization precipitate, a much larger 
absolute quantity of phosphatide separates from the milk serum 
with the coagulum than with the neutralization precipitate. 
Since the ^^lecithalbumin” in the yolk of hen’s eggs^ yields about 

* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

^ Osborne, T. B., and Wakeman, A. J., J, Biol. Chein.^ 1915, xxi, 539, 

2 Osborne, T. B., and Campbell, G. F., /. Am. Chem. Soc.^ 1900, xxii, 
413. 
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Some New Constituents of Milk. II 

25 per cent of phospl)atidos it is evident that the relatively small 
amount of such substances obtained from the neutralization pre- 
cipitate does not indicate the presence of any considerable amount 
of a similar lecithalbumin in the latter. 

^ The solids left by evaporating the filtrate from the neutraliza- 
tion precipitate, 'which are very nearly free from fat and protein, 
■were extracted ■with chloroform and afterwards with alcohol, 
but onl}' a trace of substance insoluble in acetone was detected 
in the small amount of material soluble in these solvents. Since 
w'c have previously shown that butter fat contains only minute 
traces of phosphorus we can now conclude that all of the phos- 
phatides present in cow’s milk are associated -with protein. 


EXPERIMENTAL. 


The alcoholic washings of large quantities of the casein of cow’s 
milk which has been prepared in this laboratory were saved and 
from time to time worked up in order to recover from them what- 
ever they might contain. In order to discover substances soluble 
in strong alcohol the washings were concentrated to small volume, 
the residue was treated with absolute alcohol, and the mixture 
again concentrated. After repeating this process several times 
and removing the insoluble substances by filtration a relatively 
concentrated solution was obtained which was practically water- 
free. 

The weight of substance, thus soluble in alcohol, was deter- 
mined by evaporating an aliquot part. Another part of the re- 
mainder was evaporated to remove the alcohol and the oily residue 
was dissolved in ether, filtered clear, and the filtrate poured into 
acetone. When the abundant precipitate which resulted ■was 
again treated with ether a part failed to dissolve. This had the 
white color and characteristic behavior of the diaminophospha- 
tide described in our first paper of this series. Without filtering, 
the ether solution was poured into acetone and the precipitate 
washed with acetone and dried to constant weight m vacuo over 
sulfuric acid. When this was oxidized by heating with sulfuric 
acid and ammonium nitrate it was found to contam Pf 
of nhosohorus, or just about the proportion to be_ expected for 
mixture of the diamino- and monaminopbosphatides previou y 
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obtained from the alcoholic wasliings of the lactalbumin.* The 
alcoholic washings of three lots of casein, which thoroughly air- 
dried weighed 50,752, 7,500, and 10,400 gm., yielded crude prepa- 
rations of two mixed phosphatides equal to 0.033, 0.043, and 0.039 
per cent. 

Milk was freed from nearly all its fat by centrifugation, from 
casein b}^ the careful addition of hydrochloric acid and filtration, 
and from coagulable proteins b}'' boiling the dear filtrate from the 
casein for 2 or 3 minutes and filtering, 10 liters of the filtrate 
from the coagulum were cooled and then made very nearly neu- 
tral to litmus by adding 100 cc. of water containing 9.5 gm. of 
sodium hydroxide, whereby a voluminous precipitate was pro- 
duced. After standing over night the somewhat turbid solution 
was syphoned off and the precipitate, I, collected as a gelatinous 
cake by centrifuging. To the slightly acid solution decanted from 
this cake 74 cc. of water, containing 7.04 gm. of sodium hydroxide, 
were added, whereby it was rendered faintly alkaline to phenol- 
phthalein. The precipitate, II, thus produced, was filtered out, 
removed from the paper, and freed from adhering solution by 
centrifuging. The clear filtered solution was treated with 1,440 
cc. of water containing 2 gm. of calcium hydroxide, until no more 
precipitate was produced. The precipitate, III, was filtered out 
and freed from solution by centrifuging. 

The slightly alkaline filtrate was neutralized to litmus by add- 
ing 0.045 gm. of hydrochloric acid dissolved in considerable water. 
The whole was then evaporated on a steam bath at less than 85°. 
During most of the time the solution was evaporating the tem- 
perature was about 50°. The residue was ground, air-dried at a 
low temperature, and then in vacuo over sulfuric acid to a con- 
stant weight of 404 gm. 


Precipitate I. 

Previous experiments have shown that the precipitate produced 
by neutralizing the milk serum obtained after removing casein 
and heat-coagulable proteins consists chiefly of calcium phosphate 
and protein. Since phosphatides are frequently associated with 
protein, we extracted Precipitate I, while still moist, eight suc- 
cessive times with absolute alcohol, care being taken to bring the 
substance into contact with the alcohol by passing it each time 
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Some New Constituents of Milk, II 


through fine silk bolting cloth. After each treatment the solid 
was separated hy centrifugation, and after the eighth extraction, 
when alcohol-soluble matters had been practically all removed, it 
was dried in vamo over sulfuric acid. Thus prepared it formed 
a white powder which weighed 14.19 gm. 

Analysis showed it to contain: 




Dried at 

no*. 

Loss on drying at 110® 


per cent 

N. 

2.69 

3.04 

P 

11.30 

12.75 

Cn 

21,83 

> 24,70 

Protein (N X C.3S) 

17.16 

19.40 



69,10 




From these results the following have been calculated. 

percent 

Ca phosphate (P X S) 

Protein (N X 0.38) 

Undetermined inorganic ^-3 

Undotermined organic and water not lost at 110” 11-5 

f 100.0 

The calcium and phosphorus are in the proportions required for 
CajPjOs and are equal to 63.8 per cent of this substance in the 
material dried at 1 10°. This is 5.3 per cent less than the tote 
ash, showing Precipitate I to contain other forms of inorganic 
matter. The nitrogen is equal to 19.4 per cent of protein, leaving 
11.5 per cent of undetermined mattem. 

The united alcoholic extracts were concentrated in vacuo and 
the residue, which consisted largely of crystalline lactose, was 
extracted wth warm absolute alcohol and the insoluble matter 
filtered out. The alcoholic extract was concentrated 
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as consisting of lactose and inorganic salts. The residue wJiich 
was left on evaporating the last alcohol solution was treated with 
alcohol and ether, and water-soluble substances were removed by 
adding water and shaking out with ether. The aqueous laj'er was 
repeatedly shaken out with ether and the united ether solutions 
were next washed several times with water and then evaporated. 
A thick oilj’’ residue remained which weighed 0.1386 gm. and was 
perfectly soluble in ether 


Precipitate II. 

This substance when extracted with absolute alcohol, in the 
same way as was Precipitate I, and dried in vacuo over sulfuric 
acid weighed 17.66 gm. 

Anatysis showed it to contain: 




Dried at 

no*. 

Loss on drying at 110°. 

per cent 

12.20 

per cent 

N " 

1.75 

1.99 

P 

11.48 

13.07 

Ca 

21.25 

24.19 

Protein (N X 6.38) 

11.17 i 

12.72 

Ash 

60.56 




From these results the following have been calculated. 

per cent 


Ca phosphate (Ca X 2.58) 62.5 

Protein (N X 6.38) 12.7 

Undetermined inorganic 6.5 

Undetermined organic and water not lost at 110° 18.3 


100.0 

The calcium and phosphorus are here also in very nearly the 
proportions required for Ca 3 P 208 , the phosphorus being slightly 
in excess. The amount of calcium phosphate equivalent to the 
calcium is equal to 62.5 per cent of the substance dried at 110°, 
or 6.5 per cent less than the total ash. 

Treatment similar to that given to the alcohol extracts of Pre- 
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Some New Constituents of Milk. II 

cipitnte I yielded 0.1650 gm. of substance soluble in ether, equal 
to 0.303G gnr. of cthcr-soIuble substance from the two neutraliza- 
tion precipitates. 

Precipitate III. 

Wlien Precipitate III was subjected to the same treatment as 
I and ir, 7.47 gm. of substance were obtained, which was analyzed 
with the following results: 




Dried at 
no*. 

Ijors on drying n.t 110^. I 

percent 

17.01 

0.31 

percent 

N 

0.37 

12.66 


10.51 

Ca 

21.70 

26.14 

Protein (N X G.38) 

1.98 

2.38 

Ash 

59.89 

72.16 



From these results the following have been calculated. 

percent 


Ca phosphate (P X 5) 63.3 

Ca carbonate (CaCOj) 

Protein (.N X 6.38) 2.4 

Undetermined inorganic 4.9 

Undetermined organic and water not lost at 110® 25,4 


100.0 


The phosphorus in this substance corresponds to 63.3 per cent 
of CasPsOg, being 8.86 per cent less than the total ash. The 
ratio of calcium to phosphorus is a little greater than is required 


to form CaaPjOs. _ , 

The alcoholic extract of Precipitate III yielded 0.0775 gm. of 
oily substance which gave only a turbidity when its concentrated 
ethereal solution was poured into much acetone and cooled in an 
ice box over nigbt. 

The 40i S^- of residue, consisting chiefly of lactose and sa s, 
obtained by evaporating the filtrate from the neutralization re 
cipitate IH> ground to a fine powder and extracted wi 
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cc. of chloroform four successive times.^ The extracts, when 
united and evaporated to dryness, left a residue weighing 0.2300 
gm. This was soluble in ether, but its solution gave no turbidity 
when poured into acetone. 

The residue, after thus extracting with chloroform, was ex- 
tracted five successive times with absolute alcohol. The extracts 
were united, evaporated in vacuo to dryness, the residue dissolved 
in a little water and shaken out with ether. The ether solution 
when evaporated left 0.3765 gm., which was sparingly soluble in 
ether. This was treated with absolute ether, filtered, the in- 
soluble residue washed with ether, and the ethereal solution evap- 
orated to dryness. The residue, which weighed 0.2374 gm., con- 
tained only 0.16 per cent of phosphorus, was readily soluble in 
ether, and gave no turbidity when this solution was poured into 
acetone, hence practically no phosphatides were present. 

The ether-soluble substance obtained from Precipitates I, II, 
and III together weighed 0.3811 gm., and from the 404 gm. of 
solids, obtained from the filtrate from Precipitate III, 0.4674 gm., 
a total of 0.8485 gm. Since the 10 liters of filtrate from the lac- 
talbumin yielded 438.27 gm. of total solids, the substance soluble 
in ether was equal to 0.19 per cent of the latter, which is a little 
more than the 0.13 per cent previously obtained by direct and 
prolonged extraction of another sample of our ^'protein-free 
milk” with dry ether. 

The ether-soluble substance from Precipitates I and II were 
united (equaled 0.3036 gm.), dissolved in a little ether, and poured 
into acetone. The resulting cloudy solution when kept on ice 
over night yielded a flocculent precipitate which was filtered out 
and washed with acetone. When this precipitate was treated 
with ether a turbid solution resulted, just like that of the mixed 
phosphatides obtained from the ''lactalbumin,” as described in 
the preceding paper^ of this series. Since the entire amotmt of 
substance precipitated by acetone was very small its solution in 
ether was evaporated and the residue dried in vacuo over sulfuric 
acid. This weighed 0.0414 gm. and contained 3.57 per cent of 
phosphorus, an amount greater than that in the diaminophospha- 
tides and somewhat less than in the monaminophosphatide. 


^ Cf. Brodrick-Pittard, N. A., Biochem. Z., 1914, Ixvii, 382. 
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Tin's quantity of phosphatide is equal only to 0.009 per cent of 
the total solids, or to about 5 per cent of the total ether-soluble 
matter, obtained from the filtrate from the lactalbumin. 

Since the phospiiatidcs in the preceding e.\'periments were ex- 
tracted from solid substances which were for the most part in- 
soluble in strong alcohol and ether, it is conceivable that some 
might escape solution and the amount of them be really greater 
than is here indicated. We accordingly separated the casein from 
60 liters of centrifugated milk with dilute liydrochloric acid, and 
the coagulable proteins by boiling and filtering. The slightly 
acid solution iras nearl3' neutralized to litmus with sodium hydrox- 
ide. Without removing the protein precipitated bj’- thus neu- 
tralizing, the whole was evaporated at about 60°, to a volume of 
5.5 liters. Tlie concentrated solution from wliich much lactose 
had separated in fine crj^stals was poured into 4 liters of 92 per 
cent alcohol. TJie undissolved lactose and salts were sucked out, 
and to the 6.5 liters of filtrate 1.5 liters more alcohol were added. 
On standing, a little more lactose crystallized out of the deep yel- 
low solution. The latter was concentrated under diminished pres- 
sure, more alcohol added, and this process continued as long as 
it was possible thus to separate products insoluble in absolute 
alcohol. 

The final alcohol solution was then evaporated to a syrup, 
about 200 cc. of water were added, and the solution was shaken 
out five times with ether, containing a little alcohol. The ether 
solution was washed with water, evaporated, and the oily residue 
dissolved in 15 cc. of absolute ether and poured into 450 cc. of 
acetone. The precipitate which formed was redissolved in ether, 
filtered clear, concentrated to a small volume, and poured into 
much acetone. The precipitate, whicli weighed 0.1689 gm., con- 


tained 3.37 per cent of phosphorus. 

The total solids contained in 60 liters of skimmed milk, after 
removing casein and the coagulable proteins, weighed 3,012 gm., 
of which the phosphatides formed 0.0056 per cent, or somewhat 
less than the 0.009 per cent found in the preceding experiment. 

The distribution of phosphatides in the original milk can be 
Kfatcd as follows, assuming 1 liter of an average sample of milk 
tp contain approximately the foUowing quantities of the several 

fractions enumerated. 
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Mixed 

1 phospha- 
1 tides. 


ffm. 

35.0 

cm. 

Nonn, 

Cnspipi . r - - * * 

29.0 


“Coagulum” 

4.7 


Neutralization precipitate 

4.6 


LactosC; salts, etc ! 

55.0 

None. 



J2S.3 

0.0267 


From these data it appears that the non-protem-containing 
fractions of milk contain no phosphatidcs and that the fractions 
which contain protein likewise contain phosphatides. 

CONCLUSIONS. 

Alcohol removes from milk casein, precipitated by dilute hydro- 
chloric acid, about the same amount of phosphatides as was pre- 
viously obtained from the “lactalbumin” obtained by heating the 
filtrate from the casein. Since the amount of casein is more than 
six times as much as the “lactalbumin," the proportion of phos- 
phatide which it yields is correspondingly less. 

The precipitate produced by treating skimmed milk, freed 
from casein and heat-coagulable proteins, with sodium hydroxide 
until neutral to phenolphthalein contains a very small amount of 
the same phosphatides and fatty substances that ean be obtained 
from the alcoholic washings of the heat-coagulable proteins ("lac- 
talbumin”). The non-protein fractions of fat-free milV contain 
at the most only minute traces of phosphatides. The total 
amount of phosphatides obtained from 1 liter of whole mdk was 
equal to about 27 mg, 

Phosphatides are intimately associated with the protein con- 
stituents of milk and possibly are combined with them as “lecith- 
albumins.” 










THE ANTIGENIC PROPERTIES OF /S-NUCLEOPROTEINS. 

By H. GIDEON WELLS. 

(From the Dcparlmcnl of Pathology of the University of Chicago and the 
Oiho S* A, Sprague Memorial Inslilutc.) 

(Received for publication, October 2, 1916.) 

In a previous paper^ I have discussed the antigenic properties 
of the so called ^'nucleoproteins^' of tissues, both on the basis of 
the observations recorded in the literature and of personal experi- 
ence. The following statement of Walter Jones- in reference to 
this class of substances, sometimes referred to as a-nucleoproteins, 
expresses as completely and briefly as possible the correct status 
of the subject: “In reality ^nucleoprotein' means rather a 
‘method of preparation.’ ” My conclusions concerning their his- 
tory and properties in immunological investigations were sum- 
marized as follows: Purified nucleins are not antigens, at least 
not in the ordinary sense, as none of their constituents (nucleic 
acid, histones, or protamines) is an antigen. Therefore any an- 
tigenic properties observed in “nucleoprotein” preparations are 
dependent on the protein component. There is no proof that 
such prepared nucleoprotein complexes are identical with com- 
pounds existing in the living cell, or that the proteins of these 
complexes are in any way specific for or characteristic of the cells 
from which they are obtained, or for the nucleoproteins them- 
selves. Although results indicating a greater or less degree of 
organ or protein specificity have been described for these “nu- 
cleoprotein” preparations, they are contradicted by the negative 
results of other investigators. It is probable that the organ spec- 
ificity demonstrated with such preparations by means of “satiua- 
tion” methods is to be explained by the organ specificity which 
may be demonstrated by these methods with any organ extract or 
tissue juice. Chemical considerations and direct observations at 
prCvSent are against the view that the ‘^nucleoproteins” exhibit any 
greater degree of organ specificity than cell proteins in general. 

1 Wells, H. G., Z. ImmunitatsfoTsch., 1913, xix, 599. 

^ Jones, W., Nucleic Acids, Nev/ York, 1914, 7. 
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/S-Nucleoproteins 

Anotlicr class of xoatcrial, of related but distinct character, 
has been isolated and described under the term ^^/3-iiucIeopro- 
tcins/'^ These have been found widely distributed by Jones and 
RowTitrcc.^ Whereas tlie a-nucleoproteins are extracted from tis- 
sues either^ by cold water, weak salt solution, or weak alkali, 
and precipitated witli acetic acid, the /9-nucIeoproteins are ex- 
tracted with boiling water and precipitated by acetic. Hence in 
the latter process all coagulable proteins are removed, a fact 
of much importance in considering the immunological reac- 
tions of the product, in view of the tljermolability of most anti- 
genic substances. IVhilc the a-nucleoproteins represent salt-like 
compounds of nucleic acid with proteins of uncertain and appar- 
ently highly variable character, the ^-nucleoproteins are com- 
pounds of guanylic acid with protein. The protein complex of 
the /J-nucleoproteins has not been investigated, but in view of the 
fact that so few proteins are soluble in boiling water, it would 
seem probable that the possibility of variabilit}’' and complexity 
of the protein side of these substances would be much less than 
with the a-nucleoproteins. 

I have tested the antigenic properties of three preparations of 
/5-nucleoprotein by means of the anaphylaxis reaction. These were 
obtained by the method of Hammarsten from ox pancreas, ox 
spleen, and pig pancreas, these being selected in order that the 
species specificity and the organ specificity might be investigated. 
During their preparation all the necessary precautions were taken 
to avoid contaminating one protein with another, as required for 
anaphylaxis investigations. 

The products from the pancreas both of ox and pig were nearly 
pure white, but that from the ox spleen was dark bro^vn in color, 
in spite of the re-solution and repurification carried out six times 
with each preparation. All the preparations gave positive biuret, 
tryptophane, and Millon reactions, and on h3''drolysis yielded a 
reducing sugar and a purine insoluble in weak ammonia, which 
gave a positive nitric acid reaction and a negative murexide test- 

Anaphylaxis reactions were performed by sensitizing guinea 
pigs (175 to 200 gm. each) with 3 mg. of the proteins to be teste , 


s Literature given by Jones.^ 

« Jones, W., and llowntree, L. G., 


J. Biol Chem., 1908, iv, 289. 



H. G. Wells 


13 


and after 3 weeks' interval injecting intrapcritoneally 50 mg. of 
the protein dissolved in 5 cc. of 0.1 per cent NaOH. 

The results are summarized in the following tables. 


TABLE I. 

^•Nttclcoprotcin of Beef Pancreas, 


No. 

SonMtired with. 

Rcinjcctod with. 

Result, 

Protection 

reaction. 

1 

Beef 

pancreas. 

Same. 

Very severe. 


2 

ft 

u 

it 

Died, 105 min. 


3 

it 

it 

it 

« 120 “ 


4 

It 

it 

Beef serum. 

Moderate. 

Slight. 

5 

« 

it 

it if 

it 

it 

6 

u 

seruTQ. 

pancreas. 

it 

Severe. 

7 

it 

it 

ti ti 

it 

it 

8 

<c 

tt 

ti it j 

Slight. 

it 

9 

u 

pancreas. 

Pig 

a 

Slight. 

10 

it 

it 

it tt 

tt 


11 

it 

tt 

it ft 

ti 

tt 

12 

tt 

tt 

it a 

it 

ti 

13 

it 

tt 

Beef spleen. 


Moderate. 

14 

t< 

it 

it it 


Slight. 

15 

it 

it 

if it 


Moderate. 

16 

it 

it 

ti a 

Doubtful, 

Slight. 


TABLE II. 

/S^Nucleoprotein of Pig Pancreas, 


No. 

Sensitized with. 

Reinjected with. 

Result. 

Protection 

reaction. 

1 

Pig pancreas. 

Same. 

Moderate. 


2 

ti 

it 

ti 

Severe. 


3 

ti 

ti 

tt 

Moderate. 


4 

it 

tt 

Pig serum. 

Severe. 


5 

tt 

ti 

tt tt 

Moderate. 


6 

ti 

serum. 

pancreas. 

Slight. 

Severe, 

7 

a 

it 

ft it 

tt 

ti 

8 

it 

pancreas. 

1 Beef pancreas, j 

Moderate. j 

Slight. 

9 

it 

it 

it ti 

“ I 

10 

tt 

ti 

it H 

« 

Slight. 

11 

tt 

tt 

tt it 

Slight. 


12 

if 

ft 

** Spleen. 



13 

it 

(t 

it if 



14 

It 

ft 

tt it 



15 

a 

tt 

i< it 


Slight. 
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/3-NucIeoproteins 


TABLE m., 

^-^Ulclcoprolcin of Beef Spleen. 


Xo, 

Seniitirwl with. 

nrinioctcd with. 

nc3uu. 

Protection 

reaction. 

1 

Beef spleen. 

Same. 

Severe. 


2 

it it 

it 

It 


8 

it it 

Beef scrum. 

Moderate. 

Slight. 

4 


it u 

Severe. 

Moderate. 

5 ^ 

scrum. 

" spleen. 

Doubtful. j 

Severe. 

G 

it it 

it U 



7 

“ spleen. 

“ pancreas. 

Slight. 

Slight, 

8 

it 

U it 

« 

Doubtful. 

9 

a tt 

it it 

Moderate. 


10 

ti it 

ti it 

it 


11 

M ft 

Pig pancreas. 

Slight. 

Slight. 

12 

M it 

i( It 

If 

ft 

13 

*t ft 

t( it 

It 


14 

u u 

if ft 

If 



Explanation of Tables . — ^Tho term '^^S-nucleoprotein” is omitted from 
the tables^ only the name of the tissue from which they are derived being 
given. Under ^‘Results” the terms employed will be found defined fully 
in a previous paper (Wells, H. G., and Osborne, T. B., J. Infect. Dis., 1911, 
viii, 88). By “Protection'Toaction” is meant the reaction that follows an 
injection of the protein used for sensitizing after an interval of 48 to 72 
hours subsequent to the injection of the heterologous protein. If the het- 
erologous protein has been closely enough related to the sensitizing pro- 
tein and injected in sufficient amount, it should bind all the antibodies 
present and thus prevent any reaction following the second injection of 
the sensitizing protein; but in this series of experiments the amount of 
material available made it inexpedient to inject the heterologous protein 
in large enough amounts to insure complete saturation of antibodies. 
Hence the results in this column are not altogether conclusive, and they 
are not considered in estimating the final results of the experiments. 

These experiments show that the /^-nucleoprotein prepared 
from ox pancreas, and repurified six times, is an active antigen, 
producing very strong anaphylaxis reactions, comparable to 
those produced by most simple soluble proteins. This is of in- 
terest when compared with the results of anaphylaxis experiments 
with preparations of a~nucleoproteins made without heat, for 
these entirely lose their anaphylaxis antigenic properties on re- 
peated repurification. This observation carries with it a sugg^- 
tion as to the nature of the protein radical in ^-nucleoprotem, 
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for there are ver}-^ few known proteins that will cause active ana- 
phj'laxis reactions after having been heated to boiling. These 
are casein,*^ ovomucoid,' and the so called proteoses of vegetable 
tissues.’ Evidently the protein of jS-nucleoprotcin is entirely dif- 
ferent from that of the a-nucleoproteins, which is so readily de- 
naturalized even by simple reprecipitation and re-solution by 
weak acetic and alkalies. It presumably is a non-coagulable pro- 
tein, of which those mentioned above are examples; furthermore, 
it is a whole protein molecule, since the products of cleavage of 
protein molecules are not capable of causing anaphylaxis reac- 
tions. That this result with /3-nucleoprotein from ox pancreas is 
not due to error in preparation is shown by the definite, although 
weaker, reactions obtained with the corresponding preparations 
from beef spleen and pig pancreas. 

The crossed reactions between the three preparations of /9-nu- 
cleopiotein and the blood servan of the same anhnals indleate the 
presence in these preparations either of a trace of serum proteins, 
or the coexistence of common antigenic groupings in the serum 
proteins and the nucleoproteins, ^There is no way of positively 
determining which is the correct explanation, since we have found 
evidence that chemically distinct but related proteins may give 
partial reactions with the antibodies for each other; e.g., the alco- 
hol-soluble proteins of rye, wheat, and barley. 

We also find that beef pancreas /j-nucleoprotein causes moder- 
ate reactions in animals sensitized either with beef spleen or pig 
pancreas 0-nucleoprotein, which suggests that the protein in each 
preparation is chemically related although presumably not iden- 
tical. However, the failure to secure reactions between pig 
pancreas and beef spleen, or to get reactions in pigs sensitized 
with beef pancreas and reinjected with beef spleen, leaves this 
point in some doubt. The activity of the spleen preparation was 
always lower than the others, which makes comparative results 
of doubtful value. 


‘ Wells, J. Infect. Bis., 1908, v, 449. 

' Wells, J. Infect. Bis., 1909, vi, 506; 1911, ix, 147. Elliott, C. H., ihid., 
1914, XV, 501. 

’ Wells, H. G., and Osborne, T. B., J. Infect, Bis., 1915, xvii, 259. 
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Urea in Blood and Tissues 


for were pip^ inriintviincd on an cxclu- 

fWv o.a Mnn- mhirti particularly those of medium 
r/radu, r]if)\v hyatf)!om': of tfie fo called FcorbutUsS within com- 
par.itivrly ?hnrt p^^rif/d- of timi% anhnnlH were kept inth 
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ure <i:;ily consumption of oat^^ .since the scattering of the 
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for tlie most part. Liquids when fed were administered through 
a medicine dropper or small pipette. At the termination of 
(he (‘x'periment the animals were placed under light ether anes- 
thesia and bled from the carotid, the blood being collected in a 
casserole containing a small amount of neutral potassium oxa- 
late to prevent clotting. Immediately thereafter the animas 
were carefully mitopsicd and the tissues to be studied were placed 
in weighed stoppered flasks containing 95 per cent alcohoL B oo 
urea was dclennincd by the urease method of Van S y ^ au 
Cullen, urea in the tissues by the method of Marshall an a% 
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The results obtained are shown in Table I, the experiments 
being tabulated in order, according to the duration of the ex- 
periment. In nearly every instance tlic animals lost weight 
during the first few daj's, then returned to the normal rveight 
or in many instances to an increased weight. This weight was 
usuallj' maintained for some days and was then followed by a 
rapid decline. Whth one exception (Guinea Pig 33), wherever 
autopsy showed hemorrhages of the bones, etc., described by 
Holst (1907) as typical,* there was observed a urea content of 
the blood and tissues, lugher than normal. Tlris increased urea 
content of the blood and tissues was most marked in the ex- 
periments with Guinea Pigs 40 and 41 in wliich after 19 and 20 
days, analyses of the blood showed, respective^, 230 and 218 

TABLE n. 



of mea per 100 cc. of blood. These animals showed on 
autopsy the most intense pathological changes seen in any of 
our experimental animals. The urea content of the tissues was 
variable, in some cases being of the same order of magnitude as 
the blood urea. In the greater number of animals with a high 
urea content in the blood, the tissues showed a urea content 
much lower than the blood and a lack of uniformity of distribu- 
tion between the various tissues and organs observed in nor- 
mal animals (Marshall and Davis, and Karr and Lewis). No 
relation between the urea content of the kidney and the con- 
dition observed at autopsy could be detected, both the highest 
and lowest figures (278 and 52 mg.) being found in the kidneys 
of animals with marked hemorrhages. 

* W e have in no case observed the loosening of the molar teeth described 
by Holst as typical. 








I.'rca in Blood and TissuCvS 


^Iur^'r!i nti.J hnyi- m.'itfifnififd (hat (he condifion rc- 

MJltint,' fro.'ii ,'ii! I'.'it diet in rabbit.*! i,*; an aeiflo.sas tvJiioh c.an he 
prrvs-ntrd by tli- adminb-tration of alk.-di. In Table IV arc sum- 
rn.’irsrvd tls*- n-.iilt*' of «'XfKrimi'rit.« on Kidnoa pipi with dict.s of 
nrjfi foditnn <-i(rat.', Thv eitrafo wa.-! administered in the 
fonn of a la p.'r cent .‘ftlntion throni,di a pipette or medicine 
droppyr. The ain(Mint-= fed per !;!!<» of body wciciht were cqu.a! 
to or in nm. t ce.'i-.s yre.atcr than tla* amounti! of Kodiuni bicarbon- 
ate fed by M<irp('n and Ih-^'vr, After our <'.\'i)orinienf.s had rhown 
tli.at the addition of rodium citrate had little or no IwnoficinI 
effect, the rer iilt*' of I’lnd; (J*»l(i) already referred to were pub- 
li-hed, in which it wa.H shown that pnineapip? failed to react to 


TAIlIJ; V. 

xc'ith cr uritKnut JVatfr, 



the addition of alkali in the aaine manner as did rabbits. No 
mention is made of the amounts of bicarbonate fed. Inasmuch 
as our re.siilt8 confinned (ho.se of Funk, wo have confined our work 


to a short serie.s of animals. 7'hc addition of sodium citrate to 
the oat diet had no marked effect in retarding the onset of the 
disease. Iti fact one of the.so animals (Guinea Pig 17) showed 
marked disturbances and pathological conditions at the end of 
0 days, the shortest period in which we have observed such 
changes. An increased content of ure.a in blood and tissues was 
found as in the case of the animals on an e.\clusivo oat diet. 

Inasmuch a.s the food intake in cxper'monis of this natme 
cradually diminishc.s with the dcvcloijment of the disease, the 
Blarvalion factor must also be taken into account m any attemp 
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to explain these changes in the urea content of the organism. 
Although the food intake was lowered in these experiments, in 
no case was the animal allowed to fast completely more than 24 
hours. When it was obser^’^ed that no food had been consumed, 
the animals were killed shortly after. In most cases the period 
of complete fasting was less than 24 hours. Table V summarizes 
the results of a series of experiments on guinea pigs fasted for 
various lengths of time with or without water. In no case were 
typical hemorrhages observed on autopsy. The urea content 
of the blood and tissues was slightly higher than normal except 
in those cases where water was fed. Bang has shown that in 
rabbits these increases in the urea content of the blood after 


TABLE VI, 

Oats and Water per Os, 


No. 

Dur- 


Weight. 


Blood 
urea 03 

Autopsy and other notes. 

; otion. 

Initial. 

Max- 

imum. 

Final. 

mg. per 
100 cc. 


daj/s 

cm. 

gm. 

gm. 



37 

17 


420 

325 


30 CC. water per os daily. Hem- 
orrhages. 

34 

24 

595 

625 

480 

66 

20 cc. water per os daily. Marked 
hemorrhages. 

36 

27 

340 

360 

220 

126 

20 cc. water per os daily. Very 
marked hemorrhages. 

29 

27 

605 

610 

430 

100 

20 cc. water per os on last 3 days. 
Very marked hemorrhages. 


fasting may be prevented by forced feeding of water. He main- 
tains that in fasting the water intake is lowered so that the 
secretory power of the kidney is impaired and urea accumu- 
lates in the blood. Our experiments with guinea pigs confirm 
in a measure the work of Bang although the increases are by no 
means so marked as those reported by him for rabbits. The in- 
creases, even with no water present, over a fasting period of 
10 days are less than those observed in the majority of cases 
of animals on an oat diet. 

That fasting and diminished water intake are not the only 
factors involved in the increased urea content of the tissues 
is borne out by the experiments summarized in Table VI, in 



















Uroa in I^loocl and I'issuo'? 
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the luhiition of alkali in tho Kamc manner ns did rabbits. No 
mention i.s made of the aniount.sof bicarbonate fed. Inasmuch 
ns our re.sults confinned those of Funk, we have confined our work 
to ft short seric.s of animals. The addition of sodium citrate to 
tho oat diet had no marked cfTcct m rctardinp the onset of the 
di.sea.se. In fact one of thc.se animals (Guinea Pig 17) shoa'cd 
marked disturl)ance.s and pathological conditions at tho end of 
9 days, the shortest period in which we have observed such 
chanpo.s. An increased content of urea in blood and tissues was 
fo\ind aa in the case of the animals on an c.\-clusivc oat diet. 

Inasmuch a.s tlie food intake in c.vperimcnts of this nature 
cradually dimini.shes with the development of the disease, Uio 
starvation factor must also be taken into account in any attempt 










THE ACTION OF SODIUM CITRATE AND ITS DECOM- 
POSITION IN THE BODY. 

By william SALANT aot LOUIS E. WISE. 
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Department of Agricidiuref Washington, D. C.) 

(Received for publication, October 4, 1916.) 

I. 

The investigations of the earlier writers on the action of sodixim citrate 
were confined chiefly to observations on toxicity. Mitscherlich (1) and 
later Vietinghofl-Scheel (2) determined the sjTuptoms produced in ani- 
mals by citrate, but it remained for the workers who followed them to in- 
quire into its mode of action. This engaged the attention of Sabbatani 
(3), Loeb (4), Macallum (5), Auer (6), and Robertson and Burnett (7). 
Among the more recent investigations ma3''be mentioned those of Gros (8) 
and of Salant and Hecht (9). Studies were also made on the changes pro- 
duced when it is brought in contact with isolated tissues. According to 
Thunberg (10), citrate stimulates respiration in the isolated muscle of the 
frog. From the work of Battelli and Stern (11), it appears, on the other 
hand, that several isolated tissues of different animals, not including the 
bloodj possess the power of oxidizing sodium citrate to carbon dioxide and 
water. Although it is well known that the carbonates in the urine are in- 
creased w'hen citrate is fed, the extent of its oxidation in different animals 
has, to our knowledge, not been determined.^ 

The present report includes quantitative studies on the presence 
of citrate in the blood of animals when administered by mouth or 
subcutaneously, the rate of its disappearance from the circulation 
when injected intravenously, its oxidation in different animals 
and numerous observations on toxicity. The influence of citrate 
on coagulation also received some attention. 

‘ Accordiag to unpublished results of Ohta, K. {Biochem. Z., 1912, xliv, 
481) citrates are incompletely destroyed in the body. 
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Weight of orecipi* 
tote with 
Denig&t’ reagent. 


mg, 

1,10 

I. 65 
2,33 
2,95 

3.55 

4.10 

5.00 
5.44 

6.15 
6.85 

7.55 
8.31 

9.15 

10.00 
10.90 

II. 82 
12.50 

13.10 
13,80 
14,45 

15.10 
15.75 


Corresponding w'cight 
of dry 

Bodium Citrato. 


mg, 

1.30 

1.50 

1.75 

2.00 

2.25 

2.50 
2.82 

3.00 

3.25 

3.50 

3.75 

4.00 

4.25 

4.50 

4.75 

5.00 

5.25 

5.50 

5.75 

6.00 

6.25 

6.50 


Weight of precipitate 
wnth 

Denigda* reagent. 


mg, 

16,40 

17.05 

17.70 
18.32 

19.05 

19.70 
20.37 
21.07 

21.75 
22.45 
23.10 
23.80 

24.50 
25.22 

25.75 
26.42 
26.95 

27.50 
28-05 
28.60 
29.15 
29.66 


Correaponding ^mght 
of dry 

sodium citrate. 


mg, 

6.75 

7.00 

7.25 

7.50 

7.75 

8.00 

8.25 

8.50 

8.75 

9.00 

9.25 

9.50 

9.75 

10.00 

10.25 

10.50 

10.75 
11.00 

11.25 

11.50 

11.75 
12.00 


By means of the above procedure and by the use of the table, 
it was found possible to assay rapidly aqueous solutions of sodium 
citrate or citric acid, the error ordinarily being ±2 per cent. 

J5. Determination of Citrates in Urine , — Some modifications 
were foimd necessary in citrate-containing urines. In fact, indi- 
vidual urines demanded variations of procedure which presented 
very little difficulty. The following plan was generally used. 

A definite aliquot portion of the 24 hour urine, ^ that had pre- 
viously been rendered acid with hydrochloric acid and filtered, 
was treated with a sufficient excess of 10 per cent barium acetate 
solution to insure an excess of barium ion, and followed by enough 
saturated barium hydroxide solution to render the mixture faintly 
alkaline. Three volumes of 95 per cent alcohol were then added. 

^ OnC'-tenth of the 24 hour urine in the case of rabbits and cats was 
found a convenient portion. In the case of dogs a smaller aliquot was 
used. 
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Action of Sodium Citrate 


U. A Method for the Determination of Citrates in Blood and Urine. 

Preliminary Experiments with Aqueous Solutions of Sodium 
aVrofe.-— A method based on Denig6s' test was employed for the 
determination of the citrate in the blood and urine. The follow- 
ing reagents were used. 

1. Denig^s’ reagent was prepared by mixing in a 2 liter flask 48.5 gm. of 
red mercuric oxide with 500 cc, of water, 200 cc. of concentrated sulfuric 
acid being added very slowly with constant shaking. When the solution 
had cooled it was diluted with water to 1 liter in a volumetric flask and 
was filtered. 

2. Syrupy phosphoric acid containing 85 per cent of ortho-phosphoric 
acid. 

3. 3 per cent hydrogen peroxide. 

4. 2 per cent potassium permanganate solution. 

Exactly 0.7 cc. (about twenty drops) of Denigds’ solution and 
as nearly as possible 0.13 ce. (about five drops) of phosphoric acid 
were added to 5 cc. of a citrate solution so chosen as to contain not 
more than 12 or less than 1 mg. of sodium citrate. The addition 
of reagents was facilitated by the use of 10 ce. burettes calibrated 
to 0.05 cc. The solution was heated to boiling and treated drop 
by drop with potassium permanganate solution until a slight but 
distinct pink color persisted even after continued heating. In the 
presence of citrates, a characteristic cloud, settling into a granular 
cream-colored precipitate, formed soon after the addition of the 
first drop of permanganate. The mixture was decolorized by 
means of three drops of the peroxide solution, heated to boiling, 
cooled, and Deniges’ precipitate filtered on a weighed Gooch cru- 
cible, washed with 100 cc. of water, followed by 40 cc. of alcohol 
and finally with about 20 to 40 cc. of ether, and dried at 90-1 00°C. 
From the results obtained in repeated experiments under the ex- 
act conditions outlined above it became apparent that definite 
weights of sodium citrate yielded definite weights of Deniges' pre- 
cipitate. The average weights of precipitate obtained from 1.3, 
1.75, 2.5, 3, 4, 5, 7.5, 10, and 12 mg. of sodium citrate were 
used in plotting a curve, in which the weights of sodium citrate 
were used as abscissce and the weights of Deniges’ precipitate as 
ordinates. The appended table, which gives weights of precipi- 
tate corresponding to definite weights of sodium citrate, was pre- 
pared by the use of this graph. 
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the end-point being a persistent deep brown color or the usual po- 
tassium permanganate pink. Bj’’ use of the table the amount of 
citrate (as sodium citrate) in the aliquot was found and the total 
amount of citrate excreted per diem was computed. 

It has been stated that the aliquot taken for analysis must not contain 
over 10 mg. of sodium citrate (or its equivalent in citric acid). To ascer- 
tain this, it is well to run a rough preliminary test on a similar aliquot por- 
tion of the filtrate. Provided the potassium permanganate solution is rap- 
idly and completely decolorized even after the addition of ten to twelve 
drops of this reagent, a larger amount of citrate may be suspected and a 
correspondingly smaller aliquot should be taken for the final analysis. 

In a large number of tests with the urines of normal rabbits and cats, it 
was found that final aliquots representing one-twentieth of the total 24 
hour urine did not respond to Denig^s' test. In a few isolated cases a 
faint turbidity or negligible precipitate was noted. However, when small 
amounts of citrate were added to normal urines Denig^s^ test was invaria- 
bly positive, provided more than 1 mg* of sodium citrate was present in 
the aliquot taken for analysis. 

The following table gives the results of some analyses of normal urines 
to which definite amounts of sodium citrate had been added. Determina- 
tions were made on aliquot portions by the above method. 


Volume of 
urine of normal 
rabbits. 

Weight of 
anhydrous 
sodium citrate 
added. 

Final aliquot. 

Citrate found 
in aliquot 
by the method 
described. 

Total citrate 
recovered. 

cc. 

mg. 


mg. 

mg. 

50 

100 

of total urine. 

5.38 

107.6 

50 

100 

jV “ “ 

5.01 

100.2 

50 

100 

A " “ 

5.14 1 

102.8 

50 

100 

A “ “ 

4.82 

96,4 

50 

200 

A “ “ 

8.55 

213.7 

50 

200 

At “ “ 

8.37 

209.3 

50 

200 

Af “ “ 

4.10 

205.0 

50 

200 

* “ “ 

4.35 

217.5 


7. Determination of Citrates in Blood . — 15 cc. of blood were 
from an artery, vein, or directly from the heart into a grad- 
d cylinder containing 75 cc. of 0.1 n acetic acid. The amoimts 
''.tic acid employed varied, however, with the quantity of 
taken. The mixture was subsequently transferred to a 
. I r zjev flask, thoroughly shaken, and heated on a steam 
about an hour, until complete protein coagulation was 
The mixture was then cooled, diluted to 100 cc., re- 
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turned to the flask, and thoroughly shaken with about 5 gm. of 
clean white sea sand to insure subdivision of the coagulated pro- 
tein. The protein material was then in the form of a brown, 
creamy paste, readily filterable through a 12,5 cm. fluted filter 
paper, and jdelding a clear nearly w'ater-white filtrate. Exactly 
60 cc. of this filtrate (corresponding to 9 cc, of blood) were treated 
with 10 cc. of a 10 per cent barium acetate solution, 80 cc. of 95 
pOr cent alcohol, and just enough saturated barium hydroxide 
solution to render the mixture very faintly alkaline to litmus. 
The mixture was allow’ed to stand for an horn, or over m'ght if 
very small amounts of citrate were suspected, shaken, and then 
centrifuged in successive portions in a 50 cc. centrifuge cup until 
the precipitate containing the citrate formed a compact layer 
on the floor of the cup from which the supernatant liquor could 
be readily decanted. The precipitated layer was treated and 
brought into intimate contact with 40 cc. of 50 per cent alcohol, 
and the suspension was again centrifuged. This operation was 
repeated until the supernatant liquid was free from chlorides. 

After the supernatant liquors were removed as completely as 
possible by decantation, the residue was treated with five drops 
(0.125 cc.) of syrupy phosphoric acid, run in from a calibrated 
burette, and sufficient hot water (10 to 15 cc.) added to dissolve 
the precipitate. The solution was quantitatively transferred to 
a test-tube of about 200 cc. capacity, two or three glass beads 
were added, and the solution was cautiously evaporated overthe 
free flame until a volume of about 8 cc. was reached. Care must 
be taken because of frothing. The solution was subsequently 
treated with twenty-five drops (0.80 cc.) of Deniges’ reagent, de- 
scribed above, added from a calibrated 10 cc. burette. ^ A precipi- 
tate, consisting in part of BaSO^, formed, but remained part y 


suspended in finely divided form. _ , 

To this suspension was added a small amount of acid-was e 
purified talc, the mixture boiled for a few minutes, allowed to coo^ 
and to stand for about | hour, then quantitatively filtered by sue 
tion through a freshly prepared, acid-washed, asbestos- ne 
Gooch crucible into a test-tube 6 x f inches, the large tes u 
being rinsed with about 5 cc. of water and the rinsings a so 
tered through the Gooch crucible. Unless the filtrate was c 
S wato-V the Sltetion wee repeated. The 6^^ . f " 
tion wae evaporated to 6 cc. and the analyais from is P 
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was carried out just as described in the method for determining 
citrates in urine. 

The foregoing method, however, is by no means quantitative 
and simpl}'’ gives a verj'’ useful means of roughly approximating 
small amounts of citrate present in the blood. The following 
table clearly sliows the limitations of the method and indicates 
that only about 75 per cent of the sodium citrate pre.sent in the 
blood can ordinarily be recovered. 


Blood u-sed. 

Source, 

Citrate added. 

Citrate recovered. 

cc. 


mffs 

mg. 

per cent 

15 

Dog. 

None. 

None. 


15 

« 

1 tt 

tt 


15 

u 

tt 

it 


15 

« 

ti 

Very slight, 
positive 
test neglk 
gible. 


15 

Rabbit. 

3 

2.60 

i 87* 

15 

(( 

3 

2.55 

85* 

15 

It 

5 

3.00 

60* 

15 

« 

5 

3.98 

80* 

15 


5 

3.75 

75* 

15 

t( 

10 

6.05 

60* 

15 

ft 

10 

6.80 

68* 

15 

tt 

20 

16.50 

82 

2 

it 

20 

15.60 

78 

2 

{< 

20 1 

14.50 

72 

15 

tt 

10 

7.4 

74 

15 

tt 

10 1 

8.25 

82.5 

15 

tt 

20 

12.40 

62 

15 

tt 

20 

13.58 

68 

15 

ti 

20 

15.57 

78 

15 

ft 

20 

14.67 

73 

15 

tt 

20 

13.11 

65.5 

15 

tt 

20 

14.77 

74 

13 

tt 

20 

18.21 

91 

2 

tt 

20 

15.80 

79 

17 

tt 

10 

8.3 

83 

12 

it 

10 

7.74 

77 

10 

if 

10 

10.58 

106 

7.5 

Dogi 

5 

3.9- 

78 

Average . 




+76 


* Time of analysis 48 hrs. 
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Pile causes of these wide discrepancies were not fully investi- 
gated, but it was apparent from the foUowing experiment that 
my were at least in part due to the effect of protein coagulation. 
1 o cc. of blood were used, the protein coagulated as described above, 

^ CC. aliquots were filtered ojff, and definite amounts of dry sodium 
citrate added to the ahquots. The results indicate that under 
these conditions citrates may be quantitatively determined with 
a fair degree of accuracy. 


Sodium dtrato added. 
my, 

12 

12 

3 


Sodium dtrato recovered. 
mff, 

11.95 
II, 78 
3.16 


As other methods of removing protein, such as defibrinating 
blood, centrifuging off corpuscles, and using colloidal iron, proved 
unsatisfactory, we have used the above procedure in spite of its 
limitations. 


III. The Presence of Citrate in the Blood after Subcutaneous 
Injection and When Given by Mouth. 

The exTieriment.® were carried out on rabbits, citrate being re- 
ceived subcutaneously by three. One was injected with 0.5 gm. 
per kilo and two others received 1.0 gm. per kilo. After an interval 
of 5 minutes 15 cc. of blood were withdrawn and tested for citrates, 
but this proved negative. Evidence of the presence of the salt 
was first obtained 15 minutes after its injection, about 2 mg. of 
citrate being the amount estimated in this quantity of blood. At 
the end of half an hour following the administration of citrate the 
amount increased to 8 or 9 mg., which remained stationary for a 
considerable time as the same results were obtained 1 and 2 hours 
later. Although much larger doses of the salt were given by mouth, 
the quantities detected in the blood were very small. In one ex- 
neriment, in which 2 gm. of citrate per kilo were given, the amorat 
nresent in the blood was 3.3 mg. per 15 cc., which was obt^ed 3 
Lurs after administration. In another experiment m winch 5 gm 
of wtrate per Hlo were fed, the amount of citrate m 15 cc. of 
Wood wIb slightly over 6 mg. after 3 houm. Tests made and 
2 hours after feeding citrate gave a faint reaction. Protocols are 

given below. 
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Suhcutaneom Injection. 

Rabbit 1 , — Previous to the experiment the rabbit was fasted for about 
2 days. 

June 4, 1915. Weight 2,040 gm. 10 a.m. 2 gm. of urethane per os in 20 
cc. of water. 11 a.m. Small amount of ether given. Cannula inserted 
into carotid artery. 11.14 a.m. 1 gm, of sodiiun citrate in 10 cc. of water 
injected subcutaneously into the abdominal tissue. Slight struggle. No 
marked symptoms. Il.l9 a.m, 15 cc. of blood drawn (Sample 1). No ci- 
trate detected. 11.24 a.m. Very slight tremors. 11.30 a.m. 15 cc. of blood 
drawn (Sample 2). About 2 mg. of citrate detected. 11.44 a.m. 15 cc, of 
blood drawn (Sample 3). 3+ mg. of citrate detected. 


Sample. 

Time after injection. 

Citrate recovered from 

15 cc. of blood. 


min. 

mff. 

1 

5 

None. 

2 

16 

About 2. 

3 

30 

3+. 


Rabbit 2, — ^Female^ white; pregpant. Previous diet, oats and hay. 

June 8, 1915, Weight 1,945 gm, 10.25 a.m. 19.2 cc, of 10 per cent citrate 
solution injected subcutaneously. 10.50 a.m. Cannula inserted into ca- 
rotid artery. Ethyl chloride anesthesia. Tremors and dyspnea, noted. 
10.55 a.m. 15 cc. of blood drawn (Sample 1). 8 mg. of sodium citrate recov- 
ered. 11.20 a.m. Slight dyspnea, persisted, 11,24 a,m. Marked twitch- 
ing. Muscular tremors. 11.55 a.m. Dyspnea. Salivation. Marked tre- 
mors. Local spasms. 15 cc. of blood drawn (Sample 2). 7.8 mg. of so- 
dium citrate recovered. 1 p.m. 15 cc. of blood drawn (Sample 3). 8.3 
mg. of sodium citrate recovered. 1.11 p.m. Marked dyspnea. 1.14 p.m. 
Respiration ceased, heart still beating, 1.16 p.m. Heart stopped. 

Autopsy . — Heart dilated, soft, and injected. Kidneys normal. Gall 
bladder distended with light green bile. 


Sample. 

Time after injection. 

Citrate recovered from 

15 cc. of blood. 



mff. 

1 

30 min. 

8 

2 

H hrs. 

7.8 

3 

2i « 

8.3 


Rabbit 3. — ^Male, white. Previous diet, oats and hay. 

June 8, 1915. Weight 1,810 gm. 10.30 a.m. Received subcutaneous in- 
jection of 18 cc. of 10 per cent citrate solution. 10.35 a.m. Local anesthe- 
sia. 11 a.m. Tremors. Dyspnea. Defecation. 15 cc. of blood drawn 















36 


Action of Sodium Citrate 


(Sample 1)* 9.1 mg. of citrate recovered. 11.20 a.m. Slight dyspnea. 
21.27 a.m. Muscular hvitchings. 11, 5S a.m. 15 cc. of blood drawn (Sample 
2). lO.l mg. of citrate recovered. Marked tremors. Gasping. Dyspnea. 
12.05 p.m. Died. 

AiUopsy. Heart injected and dilated. Kidney petechiated and soft. 
Liver normal. Gall bladder injected with bile. 


Sample. 

Timo aliCT injcctioa. 

Citrate reco'i^rcd from 

15 cc, of blood. 



mg. 

I 

30 min. 

9.1 

2 

1 hr, 28 min. 

10.1 


Administration hy Month, 

Rahhxl — ^Female^ Belgian. Previous diet^ oats and hay. 

June 10, 1915. Weight 1,5S0 gra. 10.10 a.m. Received by mouth 32 cc. 
(2 gm. per kilo) of a 10 per cent sodium citrate solution, followed by 30 
cc, of water. No s^Ttnptoms. 11.10 a.m. Ethyl chloride anesthesia. 
Cannula inserted into carotid artcrj% 15 cc. of blood drawn. Faint test 
for citrate. 1.10 p.m. 15 cc. of blood drawn from carotid artery con- 
tained about 3.3 gm, of sodium citrate. No sjmiptoms. 

RabhU J. — ^Male, Belgian. Diet, oats and a little hay. Small amount 
of carrots fed on day preceding the administration of citrate. 

June 16, 1915. Weight 1,280 gm. OAO a.m. Received by mouth 38.5 cc. 
(3 gm. per kilo) of a 10 per cent citrate solution. 11.35 a.m. No marked 
symptoms. Ethyl chloride anesthesia. Cannula inserted into carotid 
uxtery, 11.40 a.m. 15 cc. of blood drawn. I to 2 mg. of citrate recovered. 
Distinct increase in peristalsis. 1.30 p.m. Slight tremors. 2.30 p.m, 
13.5 cc. of blood drawn (animal died during bleeding). 0.5 cc. of blood 
drawn from the heart. Very slight but distinct citrate test (about 2.2 
mg. of citrate estimated). 

Rabbit 6. — Female, Belgian. Previous diet, oats and hay. 

June 14, 1915. Weight 1,350 gm. 10.30 a.m. Received by mouth 67.5 
cc. (5 gm. per kilo) of 10 per cent citrate solution. 1.15 p.m. Paresis of 
extremities. L20 p.m. Cannula inserted into carotid aviary. Bthjd 
chloride anesthesia. 1.25 p.m. 25 cc. of blood drawn. 6.05 mg. of citrate 
recovered. 3 p.m. Animal dead. 


IF, The Disappearance of Citrate from the Ciretdaiion, 

Babbits and dogs were used in these experiments. After re- 
moval of blood for control tests, sodium citrate was injected mtea- 
venouslv. Samples of the blood were then taken at various in- 
tervals after the salt was administered 

minations made. The tests showed that it disappeared rap y 
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from the circulation. Thus, when 50 to GO me;, of citrate per 
kilo were introduced into the ear vein of rabbits, the blood ob- 
tained vnihxn 3 to 5 minutes indicated that only small quantities 
were present. The total amounts as estimated in 15 cc. of blood 
did not exceed 25 mg., or about 10 to 15 per cent of the amount 
introduced. 

In experiments made on dogs, approrimately 100 mg. of sodium 
citrate per kilo were injected into the femoral vein. Analysis 
of the blood showed that its disappearance was rapid at first but 
was retarded later. About 60 to 70 per cent disappeared in 20 
seconds and only 10 to 20 per cent disappeared during the next 5 
to 10 minutes. Different individuals varied, however, in this re- 
spect. In one experiment appreciable amounts could still be 
found 13x minutes after injection. The effect of repeated doses 
was also studied. When a second injection was made after an 
interval of 15 minutes, the citrate persisted much longer in the 
circulation. The quantities found in the blood at corresponding 
periods were also larger after the second injection. Protocols 
illustrating the results obtained are given below. 

Rabbit 7. — F.emale, Belgian. Previous diet, oats and a small amount 
of hay. 

Apr. 12, 1915. Weight 1,780 gm. 11.55 a.m. Ether administered. Can- 
nula inserted into carotid artery. 11.59 a.m. Injection of 4.8 cc. of 2.5 
per cent citrate solution into ear vein. Dyspnea, 12.04 p.m. 15 cc. of 
blood drawn from carotid artery. Slight test for citrate. 2.3 mg. of 
sodium citrate estimated. 12.09 p.m. 15 cc. of blood drawn. Very faint 
positive test for citrate. 12.14 p.m. Animal bled to death. 

Dog 1. — Female, black and white. 

Apr. 29, 1915. Weight 6,900 gm- Condition good. 9.30 a.m. Received 
by mouth through stomach tube 3 gm. of chloretone in 30 cc. of 50 per 
cent alcohol. 9.45 a.m. Completely anesthetized. 10.33 a.m. Sample 1. 
15 cc. of blood drawn from carotid arteiy. 10.37'a- a.m. 28 cc. of 2.5 per 
cent sodiiun citrate introduced into femoral vein in 2 minutes and 20 
seconds. 10.37f a.m. Sample 2, 10.42f a.m., Sample 3, 10.47| a.m,, Sample 
4, each 15 cc. of blood drawn from carotid artery. 10.54J a.cn. 28 cc. of 2 
per cent sodium citrate introduced into femoral vein in 2\ minutes. 
10.55 a.m. Respiration good. 10.55| a.m. Sample 5, 10.59J a.m., Sample 6, 
11.04 a.m., Sample 7, each 15 cc. of blood drawn from carotid artery. 11.08 
a.m. Laparotomy. 25 cc. of urine drawn from bladder by means of a 
hypodermic syringe. ILIO a.m. 48 cc. of 2.5 per cent sodium citrate in- 
jected through femoral vein. 11.12 a.m. Muscular tremors. Respira- 
tion stopped. Heart stopped. 
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Samplo. 

Amount of cUrato in IS cc. 
of blood. 

Timo after injection. 

1 

mg. 

None. 

Control. 

2 

6 

20 sec. after first. 

3 


5 min, 

4 

2.5^ 

10 “ ‘‘ 

5 

11.5 

45 sec. “ second. 

6 

7.4 

5 min. ** “ 

7 

4.2 



Dog, Male, brown and white. 

Apr. 2G, 1915. Weight 6,550 gm. Chloretone alcohol anesthesia. 1.57 
p.m. Sample 1. 15 cc. of blood drawn from carotid arteiy. 2.01 J p.m. 26 
cc. of 2,5 per cent sodium citrate injected into femoral vein. 2.02 p.m. 
Sample 2. 15 cc. of blood drawn from carotid artery. Kespiratlon ceased 
immediately after blood was withdrawn, but returned in 1 minute and 5 
seconds. 2.07 p.m. Sample 3, 2.10p.m., Sample 4, each 15 cc. of blood drawn 
from carotid artery. 2.17| p.m. 26 cc. of 2.5 per cent sodium citrate in- 
jected into femoral vein. Respiration ceased 45 seconds after injection 
was begun, but returned 45 seconds after its completion, 2,18 p.m., Sam- 
ple 5, 2.23 p.m., Sample 6, 2.27 p.m., Sample 7, each 15 cc. of blood drawn 
from carotid arteo^ 2.33 p.m. 14 cc. of 2.5 per cent sodium citrate in- 
jected into femoral vein. Respiration stopped a few seconds after injec- 
tion. Returned soon and increased in frequency in 41 minutes. Apnea 
for 1| minutes. Heart did not cease beating. 2.33 to 2.38 p.m. 34 cc. of 
2.5 per cent sodium citrate injected into femoral vein. 3.04 p.m. 37 cc. 
of 2.5 per cent sodium citrate injected into femoral vein. Respiration 
slower. 3.04 to 3.06 p.m. 13 cc. of 2>5 per cent sodium citrate injected into 
femoral vein. 3.20 to 3.28 p.m. 50 cc. of 2.5 per cent sodium citrate in- 
jected into femoral vein. 3.44 to 3*47 p.m. 38 cc. of 2.5 per cent sodium 
citrate injected into femoral vein. 3.47 p.m. Respiration stopped. Heart 
still beating faintly. 3.50 p.m. Apimal dead. 


Sample. 

Amount of citrate in d5 cc. 
of blood. 

Time after injection 


mg. 


1 

None. 

Control. 

2 

7.9=*= 

10 sec. after first. 

3 

, 2.5* 

5| min. 

4 

2.0* 

10 “ 


13.3 

50 sec. ** second. 

6 

[ 4,6 

min. 

it a 

7 

3.4 
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The rapid disappearance of citrate from the circulation, as ob- 
served in herbivorous as well as in carnivorous animals, furnished 
a striking illustration of the protective action of the body against 
poisonous substances. As was shown by Gros (8) and by Salant 
and Hecht (9) this salt is a powerful cardiac depressant. The 
mechanism involved in ridding the blood of citrate probably in- 
cludes several factors, chief among them being oxidation. Elim- 
ination, though probably playing a subordinate role, may also 
be regarded as important. Although oxidation in the blood would 
seem to be improbable, according to the results obtained by Bat- 
telli and Stern (11), it seemed desirable to test the validity of their 
conclusions. Experiments were therefore carried out in which 
blood drawn from rabbits and dogs was defibrinated, mixed with 
varying amormts of sodium citrate, and analyzed immediately or 
within 22 to 95 hours. The amounts recovered were approxi- 
mately the same in all cases. The length of time allowed to elapse 
between the treatment and analysis had no effect on the amount 
of citrate recovered, nor were the results modified by temperature 
ranging from 10-39° (after 2 to 3| hours) or in the presence of 
oxygen. 

As shown in the following tables, the amounts recovered after 
3 to 3| hours when kept at temperatures of 36-39°C., a constant 
stream of oxygen being allowed to pass through, were the same as 
when the blood was kept at a temperature of 10°C.’ without oxygen. 

F. The Effect of Blood on Sodium Citrate. 

Experiment with Oxygenated Rabbit Blood. — A mixture of 19 
cc. of blood and 1 cc. of 0.9 per cent sodium chloride containing 
200 mg. of sodium citrate was oxygenated at 36-38°C. for about 
3| hours. At the end of this period the blood was bright red, 
unhemolyzed, and had not clotted. A sample representing one- 
twentieth of the total amount was taken for analysis. 


Amount of citmte theoretically present . . 10 0 mg. 

“ " “ recovered 7 2“ 


Experiment with Oxygenated Dog Blood. — A mixture of 19 cc. of 
blood and 1 cc. of water containing 200 mg. of sodium citrate was 
oxygenated at about 39°C. for about 3 hours. At the end of this 
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period the blood was red, unhemolyzed, and had not clotted. A 
sample representing one-twentieth of the total amount was taken 
for analysis. 


Amount of citrate theoretically present 10.0 mg. 

recovered 7.9 « 


Experiment with Rabbit Blood to Which Sodium Citrate Wos 
Added. — To 15 cc. of fresh undefibrinated blood were added about 
150 mg. of dry sodium citrate. The blood was kept in the ice 
chest at a temperature of about lO^C. 


Time after blood was 
withdrawn. 

Remarks. 

Amount of citrate per 

1 cc. of blood. 



fnn. 

22 

Np coagulation. 

7.83 

70 

« li 

1 7.70 

142 

Hemolysis. Very fluid and black. 
Bile-like odor. 

4.53 


Blood was removed from the ice box at this point and allowed 
to stand in the laboratory. It clotted about 5 hours later. 

Rabbit Blood Mixed Immediately with Citrate. — ^To about 10 cc. 
of rabbit blood were added 100 mg. of drj"^ sodium citrate; this 
was thoroughly shaken and kept in the ice chest. 


Time after addition of 
citrate. 

Remarks. 


hrs. 


mff. 

Immediately. 


7.04 

71 

No coagulation. 

7.29 

95 1 

Blood dark. No he- 
molysis. No coag- 
ulation. 

6.05 

117 

Slight hemolysis. 

4.30 

Very faint test. Weight 
of precipitate I.02mg. 
per 1.33 of blood. 

141 

Complete hemolysis. 

191 

1 Black, clotted. 

— 


... 


Tt will be seen from the above data that our results are m 
raony with those of Battelli and Stern. The rapid disappearance 
d citrate from the circulation must be brought about, therefore, 
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by increased elimination or destruction by the tissues other 
than the blood. These conclusions were tested in the following 
experiments. 

VI. The Elimination of Citrate. 

Battelli and Stern (11) have shovTi that isolated tissues of dif- 
ferent animals destroyed citrate in vitro. Its oxidation in the 
body, however, has never before been made the subject of inves- 
tigation. Our ex'periments were carried out on rabbits, cats, and 
one dog. Sodium citrate was given subcutaneously in most of 
the experiments, but in some it was given intravenously or by 
mouth. 

\^Tien 1 gm. of citrate per kilo was injected subcutaneously into 
rabbits receiving a diet of oats, appreciable amounts were found in 
the urine of the following 24 hours. A positive test for citrate 
was also obtained by means of the pentabromoacetate method. 
Citrate injected subcutaneously into cats was isolated from the 
urine. As shown in Table I, 4 to 8 per cent citrate were recov- 
ered in the urine of seven animals, 10 to 14 per cent in four, and 
25.3 per cent and 28 per cent respectively in two others. The 
average amount of citrate in the thirteen experiments was 12 per 
cent, which was eliminated within 24 hours. The effect of hemor- 
rhage was also studied in these animals. 22 to 56 gm. of blood 
drawn from rabbits weighing about 1.6 kilos failed to influence 
the elimination of citrate. The average amount eliminated was 
12 per cent, the range of vanation being 11.1 to 15.6 per cent. 
Oxidation is therefore not affected by hemorrhage, thus corrobor- 
ating the results of our experiments on the oxidation of citrates 
by the blood in vitro. 

Similar results were obtained in experiments in which sodium 
citrate was injected intravenously. l?^en approximately 0.5 gm. 
per kilo was given in two experiments, 4 per cent in one and 13 
per cent in the other were recovered from the urine at the end of 
24 hours. In two other experiments in which 350 mg. of citrate 
per kilo were given, the amounts recovered from the urine were 1.5 
and 2 per cent, but tests for citrate were negative after doses of 
100 mg. per kilo. 

It may be remarked that the citrate had to be given in divided 
doses since comparatively small amounts injected intravenously 
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produced marked symptoms and may cause death if the rate of 
injection is rapid. Dyspnea, convulsions, fibrillary twitching of 
the voluntary muscles and dilatation of the pupil were observed 
after the intravenous administration of 70 mg. of sodium citrate 
per kilo, "mien it was given by mouth minute amounts 
only could be detected in the urine though 3 gm. per Idlo were 
administered. 

The elimination of citrate in cats varied much more than in the 
rabbit. It was absent from the urine in one experiment, while 
the amount in nine others ranged from 5 to 58 per cent. As will 
be seen in Table III, in six of these experiments the amounts re- 
covered varied approximately between 38 and 58 per cent. The 
average amount of citrate in the ten experiments was 30 per 
cent. That other carnivora probably react similarly to eats was 
suggested by results obtained in one dog in which 42 per cent 
of citrate was recovered at the end of 24 hours. 

The presence of citrate in the urine, indicating incomplete o.xi- 
dation in the body, would imply that the conditions under which 


TABLE I.* 

7'/ie Elimination of Sodium Citrate in Eabbiis.** 


Rab- 
bit 
No. t 

Weight 

Total amount 
of citrate 
injected. 

Total elimi- 
nated. 

Remarks. 


Iff. 

mff. 

mff. 

\pcr een^ 



8 

2.1 

2,100 


175.C 

8-3 

Total elimination in 24 hrs4 

9 

1.58 

1,600 


153.0 

9.05 

it 

it ti 24 « 

10 

2.00 

2,000 


136.0 

6.80 

u 

it ti 24 « 

11 

1.67 

1,700 


144.0 

8.40 

u 

« ^4 24 " 

12 

1.325 

1,350 

1st. 

144.0 

10-7 

u 

« « 24 " 


1.495 

1,500 

2nd. 

206.0 

13.7 

Died 2 days after injection. 

13 

2.15 

2,200 


616.0 

28.0 

it 

soon after 2nd ** 

14 

1.955 

1,950 


273.0 

14.0 

Total elimination in 24 hrs. 

15 

1.800 

1,800 

1st. 

S4.4 

4.7 

a 

ti it 24 ” 


1.755 

1,750 

2nd. 

71.0 

4.1 

ti 

it a 24 " 


1.765 

1,750 

3rd. 

142.0 

8.1 

it 

it ft 24 

16 

1.685 

1,600 


192.5 

12.0 

if 

» " 24 " 

17 

1.49 

1,500 


380.0 

25.3 

(f 

if ft 24 ** 


• No citrates found in urines prior to citrate injection. , 

** i gm. of anhydrous sodium citrate per kilo injected subcu a 
t Previous diet, oats. 

X None or negligible amounts found later. 
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t.ViiR process takes place are probably different in the isolated tis- 
sue and in the living organism. Battelli and Stern have demon- 
strated that the salt may be rapidly decomposed outside the 
body when brought in contact with extracts of animal organs. 
Although the factors involved in either case are as yet largely un- 


TABLE n. 

Experiments on the Influence of Hemorrhage on the Elimination of Sodium 

Citrate in Rabbits,*^ 


Rabbit 

No. 

Weight. 

Total 

amount 

of 

citrate 

in- 

: jected. 

, Total 
eliminated. 

Remarks. 


kff. 

mff. 

mff. 

per cent 


18 

1.76 


223,0 

1 

13.0 

Symptoms doubtful. 35 gm. of blood 
obtained in 24 hrs. and 21 gra. more 1 
hr. and 20 rain, before injection of 
citrate (ear vein). 

19 

2.03 


S 228.0 

11.4 

No symptoms. 42 gm. of blood drawn 
i 19 hrs. before injection of citrate. 12 
gm. more about 1 hr. before injection 
(ear vein). 

9 

1.61 


165.0 

10.3 

No sjTuptoms. 31 gra. of blood drawn 
20 hrs. before injection of citrate. 24 
gm. 1 hr. before injection (ear vein). 

20 

2.15 


343.0 

1 

15.6 

Tremors and muscular incoordina- 
tion noticed in 30 min., which dis- 
appeared in hrs. 23 cc. of blood 

removed from heart. 

21 

2.19 


245.0, 

11.1 

Muscular incoordination, dyspnea, sal- 
ivation, and convulsions appeared in 
55 min. 22 cc. of blood removed from 
heart. Rabbit dead next day. Blood 
clot found in pericardial sac. 


* Had previously received citrate. 

1 1 gm. of anhydrous sodium citrate per kilo injected subcutaneously. 
Elimination complete in 24 hrs. 


known, some data on the subject obtained by those investigators 
are suggestive. They reported that with the method they em- 
ployed sodium chloride, or phosphate, when present in sufficient 
concentration, as well as bile, arsenious acid, salicylic acid, and 
aldehyde, retard the oxidation of citrate. The presence of sub- 
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TABLE in. 

The Eliminalton of Sodium Citrate in Cats.* 




1 Total ; 
'amount 



Cnt N< 


i Total 

to 1 cHminated. 

Kemarks. 



jeclci 

d.] 




kg. 


. i »np. 

per cci 

at 

1 

1.7£ 

1 1,80 

0 97, 

.5 5.( 

> No s>7nptorns. Eliminated in 48 hrs. 

2 

i.4e 

i 1 1,451 

D| 223. 

5 IBA 

[ it 2^ it 

3 

0.95 

j 9S( 

3 303. 

0 38.2 

[ it if <t a 2^ (( 

4 

0.93 

1 95< 

} None 

. 0,0 

1 it « u it 2^ « 

6 

2.23 

1 2,20{ 

) 845. 

0 38.5 

Symptoms appeared in 1§ hrs. Marked 



1 

i 

1 


muscular incoordination, dilated pu- 
pils, twitching of muscles of neck; 
difficult deglutition. Gat looked nor- 
mal after 5 hrs. Eliminated in 24 
hrs. 

6 

2.66 

2,700 

il,256.C 

1 40.5 

Depression, only symptom, appeared 




1 


in 1 hr., lasted a few hrs. Elimi- 
nated in 24 hrs. 

7 

1.93 

1,950 

1 829.0 

42.5 1 

Symptoms appeared in J hr. Muscu- 



J 

i 


lar incoordination, marked twitching 
of ears and neck, depression; contin- 
ued 3 days. Eliminated in 24 hrs. 

8 

3.26 

3,300 i 



Marked muscular incoordination, dys- 





! 

pnea, coma, convulsions, appeared in 

J hr. Died before end of first 24 hr. 
period. 

9 

1.75 

1,800 

259.0 

14.3 

Convulsions, muscular twitching, di- 





lated pupils, increased reflexes, ap- 
peared in f hr. ; persisted 2 days but 
subsided on 3rd day. Eliminated in 








24 hrs. 

10 

2.05 : 

2,000 

917.0 

45 9 : 

Dyspnea and tremors appeared in } hr. 





and subsided within a few hrs. Eliin- 
ijiated in 48 hrs. 


11 ; 

2.45 i 

2,500 1 

,467.0 : 

58.7 I 

W[uscular incoordination, slight con- 



vulsions, and tremors in 1| hrs. 






Symptoms still present next day but 
were mild. Nearly all eliminated in 






48 hrs. 


•Igm. of anhydrous sodium citrate per kilo injected subcutaneously. 
EWmvnalion complete in 24 hrs. 
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stances in the fluids and tissues in the body exerting an inhibi- 
tory effect in a similar manner would account, therefore, for the 
difference in the rate of oxidation which seems to exist when ci- 
trate is acted upon in the organism and in vitro. This is difficult 
to explain, however, in view of their observations that the rate of 
oxidation of sodium citrate is greatest in fresh tissues, the process 
becoming progressively slower with age, but the large number of 
factors involved may explain this apparent contradiction. Bat- 
telli and Stern found that the speed of oxidation varies directly 
with the amount of oxj'gen but is retarded by acid, the concen- 
tration of citrate also playing an important part. Hence the re- 
tarding influence of the age of the tissues on the oxidation of 
citrate apparently liolds good, provided all other conditions are 
the same, and does not apply to (and in no Avise affects) the com- 
parison of the results obtained when the substance is administered 
to animals. 

The greater amounts of sodium citrate eliminated in the urine of 
carnivorous animals than in that of the rabbit may be due to a 
difference in the rate of oxidation in these animals or to diuresis. 
The latter possibility may be excluded, however, as it Avas noticed 
that the kidney was stimulated to greater activity in most cases 
m the rabbit after the salt Avas given, while the volume of urine in 
cats was not affected by this treatment. 

VII, Observations on the Toxicity of Citrate, 

When sodium citrate Avas administered in sufficient amounts, 
the symptoms observed indicated disturbance of the central ner- 
vous system, muscles, respiratory organs, and intestinal tract. 
The effective dose varied considerably with the mode of adminis- 
tration. 3 gm. per kilo given by mouth usually failed to cause 
nervous or muscular symptoms, but in some cases this amount 
caused violent purgation and death. A dose of 5 gm. per kilo 
caused paralysis of the extremities and death. The duration of 
life was usually about 4 hours, but death occurred in one experi- 
ment within 18 minutes. 

In experiments in Avhich it was given subcutaneously much 
smaller doses were required to produce toxic action. After 2 gm. 
per kilo Avere introduced, severe symptoms were observed within 
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tabu: IV, 


T/ic Toxicity of Sodium Citrate in Rabbits. AdminislTation by Mouth. 


Rabbli 

No. 

’ WeiRht 

Dojo 

per 

kilo. 

Symptoms, 

Duration of life. 


am. 

pm. 



22* 

1,315 

3.0 

Twitching of muscles in 1 hr. 45 
min. 

Survived. 

23* 

1,350 

3.0 

Violent diarrhea in 2 hrs. 40 
min. 

Chloroformed. 

24** 

2,670 

3.0 

Diarrhea. 

Dead next day. 

25^ 

2,285 

3.0 

tt 

Survived, 


2,060 

3.0 

tt 


27^ 

2,285 

3.0 

H 



1,350 1 

5.0 

Paresis of extremities in 2£ hrs. I 

4J hrs. 

5* 

2,280 

' 3.0 

Tremors. Peristalsis stimulat- 
ed after administration of ci- 
trate. 

28* 

1,415 

3.0 

Diarrhea in 2 hrs. 


29* 

1,900 

5.0 

Slight symptoms in 35 min. 

4 « 

30** 

2,050 

5.0 

Violent convulsions in 15 min. 

18 min. 

31** 

1,860 

5.0 

Slight symptoms noted in 20 
min., coma and paralysis in 

4 hrs. 

4 hrs. 

32* 

1,380 

5.0 

Paresis of hind legs in 2 hrs. 25 
min. 

4 " 


• 10 per cent administered. 
•* 20 " “ “ 


10 to 20 minutes and death in 1 to a few hours. In a large pro- 
portion of the experiments in which a dose of 1 gm. of the salt per 
Idio was given no manifestation of any untoward effects occuned. 
Mild symptoms developed in a few cases, while evidence of severe 
intoxication, terminating in recovery soon after (Babbit 43), was 
observed in one case only. On the other hand, 1.5 gm. of sodium 
citrate per kilo were injected subcutaneously without causing any 
signs of disturbance and the rabbits survived. It might be addrf 
in this connection that a dose of 1 gm. of the salt per kilo, given su 
cutaneously to rabbits, Ukewise faded to cause any symptoms even 
when considerable amounts of blood were withdrawn previous 


the administration of citrate. Tin, 

The toxic effects were more pronounced m cats (I 
1 gm. per kilo given subcutaneously to eleven cats caused depr 
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sion, muscular incoordination, dyspnea, twitching of muscles, con- 
vulsions, dilatation of pupils, coma, and increased reflexes. One 
cat (No. 8) was found dead the morning after injection. Only 
one experiment was carried out on a dog, which received sub- 
cutaneously 1 gm. per kilo, but no symptoms w'ere noticed. 


TABLE V. 

Tht Toxicity of Sodium Citrate in Rabbits, Subcutaneous Injection. 


Babbit 

No. 

Weight. 

Doso 

per 

kilo. 

Remarks. 


ffm. 

Qrn, 


33 

1,845 

1.0 

Pregnant rabbit. Rapid respiration, restless- 
ness, fright, in 10 min. Survived. 

34 

1,405 

1.0 

Looked frightened; no symptoms: survived. 

1* 

2,040 

0.5 

Tremors appeared in 10 min. 15 cc. of blood 

1 taken 5 min. after citrate was given. 

2 

1,945 

1.0 

Symptoms appeared 25 min. after injection of 
citrate. 

35 

2,250 

j 2.0 

Restlessness, forced movements, convulsions, 
muscular twitching, appeared in 20 min.; lived 
less than 18 hrs. 

36 

1,999 

2.0 

No symptoms. 

37 

1,505 

1.5 

C< (( 

38 

1,720 

2.0 

Symptoms appeared in 10 min. Lived 1 hr. 10 
min. 

39 

1,500 

1.5 

No symptoms. 

40 


1.5 

tt u 

41 

1,135 

1.0 

No marked symptoms; survived. 

42 

1 


1.0 

Slight muscular incoordination observed in 1 hr. 
15 min. Survived. 

43 

1,216 

1.0 

Muscular twitching, incoordination, convulsions, 
appeared in 1 hr. 10 min. Lived 17 days. 


* Urethane anesthesia. 


Observations were also made on the action of sodium citrate 
when injected intravenously. Symptoms were present after small 
doses of the salt were introduced rapidly. Thus a dose df 67 mg. 
of sodium citrate per kilo injected into the ear vein of a rabbit in 
85 seconds was followed by slight muscular twitching. The symp- 
toms were more marked in another case after a dose of 86 mg. of 
citrate per kilo was injected in 2 minutes. Convulsions were 
noticed in a third rabbit which received 90 mg. of citrate in 4| 
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minutes. Severe intoxication was produced by 115 mg. of citrate 
per kilo injected in 1 minute, and 147 mg. per kilo, introduced 
at the rate of about 23 mg. per minute. Larger doses may be 
injected, however, without fatal termination if the injections are 
given in divided doses at suiEciently long intervals. Somewhat 
more than 0.33 gm. per Idio was introduced in 65 minutes into 
two rabbits without causing death. In a third experiment 0.46 
gm. per kilo, injected in 2 hours and 40 minutes, did not produce 
death, while another rabbit survived 0.7 gm. of sodium citrate 
per kilo, injected in 74 minutes. It is worthy of remark that no 
after effects occurred in any of these rabbits. That the toxicity 
of citrate depends largely upon the speed of injection was shown 
in the two following experiments. 

In one case in which a solution of 2.5 per cent citrate w^as intro- 
duced at the rate of about 1 cc. per minute with an occasional in- 
terval of a few minutes' rest, a dose of 1.11 gm. per kilo proved 
fatal. In another case the fatal dose was 1.66 gm. per kilo, the 
time of injection being extended over a period of 3^ hours. The 
rate of injection in this case varied between 0,67 and 1.5 cc. per 
minute except towards the end of the experiment when the speed 
was increased to 4 cc. per minute. 


Rabbit 44^ — ^Female, white. 

Aug, 2, 1916. Weight 1,940 gm. 

Aug. 3. Ether and ethyl chloride anesthesia. Cannula in jugular 
vein. 10.54 a.m. Injection of 2.5 per cent citrate begun. I cc. injected 
in 1 minute, 11.04 a.m. 9 cc. injected, 1 cc. per minute. II. 10 a.m. 10 
cc. injected, 1.5 cc. per minute. Total injection, 20 cc. 11.11 a.in. 
Dyspnea after total of 21.5 cc. 11,19 a.m. Injection of 10 cc., 1.25 cc. per 
minute. 1L2S a.m. Injection of 10 cc., 1 cc. per minute. Total injec- 
tion, 40 cc. 1L20 a.m. Periodic suspension of respiration. 11.27 a.m. 
Spasms of muscles of fore legs. Dyspnea very marked. ll.SO a.m. In- 
jection of 2.5 cc. Total injection 42.5 cc.' General twitching of muscles. 
Convulsions; fibrillary contractions, 11.31 a.m. Respiration stopped for 
a few seconds. 11.33 a.m. Injection of 2.5 cc. Total injection, 45 cc. 
Convulsions 0.5 minute later. 11.34 a.m. Injection of 2 cc. Total m- 
icetioD, 47 cc. Injections stopped. 11.35 a.m. Cheyne-Stokes respira- 
tion. 11.37i a.m. Injection resumed. 11.451 a.m. Injection of 5 cc., 1.5 

rp.r Btaate. Tol.l inieciio», 52 cp. 12 of 10 c, Offi 

CC. per minute. Total ®Lspira\ton stoppedTr a few seconds. 
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Convulsions. 12.29 p.m. Injection of 10 cc., 1 cc. per minute. Total 
injection, 92 cc. Respiration stopped for a few seconds. 12.52 p.m. 
Respiration stopped for a few seconds, then slight convulsions. Injec- 
tion stopped. 1.47 p.m. Injection resumed. (5 minute interval.) 1.50 
p.m. Injection of 11 cc., 4 cc. per minute. Muscular tremors observed 
but not marked. Total injection, 103 cc. 1.51 p.m. Injection of 8 cc., 

2 cc. per minute. Total injection, 111 cc. 1.52} p.m. Tremors, convul- 
sions. 1.54 p.m. Convulsions continued. No respiration for 1 minute. 
1.55 p.m. Respiration very feeble and infrequent. Convulsions. 2.19 
p.m. Injections resumed after 25 minute interval. 2.26 p.m. Injection of 
15 cc., 2 cc. per minute. Total injection, 120 cc. 2.27 p.m. No respira- 
tion. 2.27} p.m. Injection of 3 cc. Total injection, 129 cc. 2.28 p.m. 
Animal dead. 2.30 p.m. Upon opening the thoracic cavity the heart was 
found to be beating. 

Rahhil 45, — Female, white. 

Aug. 2, 191G. Weight 1,100 gm, 

Aug. 3. Ether anesthesia; injected into jugular vein by means of a can- 
nula. 2.58 p.m. Injection of 2.5 per cent citrate begun. 3.08 p.m. In- 
jection of 10 cc. 3.12 p.m. Injection of 2 cc. Dyspnea, struggled. 3.14 
p.m. Injection of 4 cc, Cheyn e-Stokes respiration. Marked twitching of 
muscle. 3.16 p.m. 5 cc, injected. Tetanus, respiration stopped. 3.17 
p.m. I cc. injected. Respiration returned but stopped. 3.18 p.m. to 3.19 
p.m. A few respirations and then stopped. 3.20 p.m. The same but 
stronger and deeper, and lasted longer. 3,24 p.m. Respiration much im- 
proved. Cheyne-Stokes still present but apnea of short duration. 3.25 
p.m. Injections resumed. 3.30 p.m. Struggled. 3 cc. injected. 3.34 p.m. 

3 cc. injected. Tonic rigidity of posterior extremities. 3.36 p.m. 2 cc. in- 
jected. Convulsions, dyspnea, 3.40 p.m. 4 cc. injected. General fibril- 
lary twitching. Respiration stopped, 3.42 p.m. Respiration returned 
but stertorous and soon stopped, 3.50 p.m. 7 cc, injected. Cheyne- 
Stokes respiration. Salivation very marked. 3.56 p.m. 7 cc. injected. 
Convulsions. Respiration stopped a few seconds and then returned but 
was slow and labored. 4 p.m. Total injection, 49 cc. Respiration 
stopped. Heart paralyzed. 

Aniopsy , — ^Performed at 4.03 p.m. Heart injected and distended with 
blood; paralyzed. 

No peristalsis noticed after injection of citrate in this rabbit or in 
Rabbit 44. 

In experiments on dogs in which 2.5 per cent sodium citrate 
was given intravenously, 100 mg. per kilo, injected at the rate 
of 50 to 70 mg. per kilo per minute, stoppage of respiration, and 
sometimes also arrest of the heart were noted. The fatal dose, 
however, is much larger (Dog 4) as 0.5 gm. per kilo given in four 
OSes, administered in 64 minutes, did not cause death. In aur 
ot er experiment, 0.375 gm. per kilo, given in 38 minutes in di- 
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TABLE VI. 


The Toricilij of Soduim Cilraie in Rabbits. Intravenous Injection. 


nnl5b 

Ko. 

twClRj 

Do* 

A:/?o 

0 Pcric 
of i] 
.* joctk 

.di 

/ Hemarhs. 

46 

fftn, 

1,711 

(rm. 

} 0.14 

mm. 

7 8 

Injections at irregular intervals; dyspnea af- 

47 

2,005 

0.193 

; 4| 

ter 75 mg, per kilo were injected; 2 inin. af- 
ter the first injection (147 mg. per kilo) tre- 
mors and convulsions. Total injection 0,6 
gm. per kilo in 3 hrs. Survived. 

Injected 250 mg. in 2 min. 4 min. later 137 cc. 

1 

1,965 

OA15 

1 

in2J min.; convulsions, dyspnea. Total in- 
jection 0,46 gm. per kilo in 2 hrs. Survived. 
Subcutaneous injection Sdays later (Table V). 
Convulsions; dilated pupils; muscular twitch- 

48 

2,775 

0.072 

4i 

ing after 115 mg. per kilo. Total injection 
0.35 gm. per kilo in 65 min. Survived. 

I Total injection 0.2 gm, per kilo in 72 min. Sur- 

49 

2,470 

0.086 

2 

1 vived. 

Dyspnea and convulsions at end of first in- 

60 

1.930 

0.070 

ItV 

1 jection. Total injection 0,25 gm. in 5 min. 
Survived. 

Muscular twitching after first injection. 

61 

1,670 

0.090 

4i 

Total injection 0.354 gm. per kilo in 65 min. 
Survived. 

Convulsions; muscular twitchings after injec- 

44 

1,940 ( 

0.225 

17 

tion of 90 mg. per kilo. 0.7 gm. per kilo in- 
jected in 74 min. Survived. 

Dyspnea after 0.225 gm. per kilo; paralysis of 

45 : 

1,100 ( 

).272 

14 

respiration after 1.66 gm. per kilo in 3 hrs. 

34 min.; heart still beating when thorax was 
opened. 

Dyspnea and struggling after 272 mg. per kilo 

62 ] 

:,700 0 

.160 

8h " 

were injected. Total injection, 1.1 giB' 
kilo in 62 min. 

Violent convulsions after 160 mg. per kilo; 


died after injection of 0.428 gm. per kilo in 

19.5 min. 


♦First injection. 


vided doses proved fatal, the last dose of 175 mg. per kiJo 
mjected at the rate of 50 mg. per kilo per minute. In a third 
eLvment, the fatal dose (Dog 2) was 0.9 per kilo, given m 
divided doses in a period of 1 hour and 47 minutes. 
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TADIX Vll. 

The Toxicity of Sodium Citrate in Dogs, Intravenous Injection, 


Dog 

No 

1 

eight 

Do'hj 
per 
kilo • 

Pcntxl 

of 

injec- 
tion • 

Total 

amount 

per 

kilo 

Total 

time 

ncmarkfl 


kg 

pm 

min 

pm 

min 


1 

6 9 

0 100 

2 

0 320 

33 

1 

Last injection 174 mg. per kilo. 
Cardiac and respiratory paral- 
ysis. No 8>TnptoTns noticed 
before 

2 

6 5 

0 100 


0 9 

107 

Respiration ceased after first in- 
jection but returned in 1 min.; 
heart stopped after last injec- 
tion of 950 mg. 

3 

1 

5 3 

0.100 

11 

0 31 

52 

Respiration stopped after first 
injection; last injection 100 mg. 
per kilo; paralysis of respira- 
tion. 

4 

4 32 

0 090 

' a 

0 5 

G4 

Total dose not fatal. 

5 

5 1 

0 100 

ij 

0 2 

17 

Respiration stopped and heart 
beat faintly after first injec- 
, tion. 


* First injection. 


VIII. Experiments on Cumulation and Tolerance, 

The action of citrate considered thus far was confined mainly 
to single doses except in the case of the experiments in which in- 
travenous injections were made when small doses were given at 
brief intervals. Attention was therefore directed to the behavior 
of the salt when given at intervals of 1 or more days. Amoimts 
that failed to produce any S3nnptoms when given the first time, 
were very toxic, sometimes causing death, when repeated within 
1 to 3^ days. Cumulative action was observed after subcutaneous 
injections as well as when the salt was given by mouth, as shown 
in the experiments given below. Robertson and Burnett (7) re- 
ported similar experiments. They found, on the contrary, that 
0 erance may be induced by the subcutaneous injections of so- 
nm citrate to rabbits. Their experiments were carried out with 
gradually increasing doses, extending over a much longer period 
an ours, which may account for the different results obtained. 
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liahhxt S3, — Female, white. 

Apr. 7, 1915. Received in the laboratory and placed on a diet of oats 
and hay. Weight 1,845 gm. (Pregnant.) 

June S, 3.45 p.m. Subcutaneous injection of 16 cc. of 10 per cent .odium 
citrate (10 per kilo). 3.55 p.m. Respiration rapid. Restless, 
rrightcncd. l!>ars erect. 4.35 p.m. No symptoms, 

June 9, 3.30 p.m. Subcutaneous injection of 20 cc. of sodium citrate. 
(1.0 gm. per kilo.) 3.45 p.m. Dyspnea. Muscular tremors. Salivation. 
3.55 p.m. Convulsions. Dyspnea. Both marked and lasted about 1 
minute. Rabbit improved. 4 p.m. Appearance almost normal. Pupils 
much dilated, 

June 10. Weight 1,035 gin. 11.55 a.m. Subcutaneous injection of 20 cc. 
of sodium citrate (1.25 per kilo). No urination but defecation. 12.06 
p.m. Dyspnea. Convulsions. Muscular twitching. Fibrillar contrac- 
tion, 1.30 p.m. Symptoms continued, 

June 11. Loss of appetite. Lay in cage in one position all day. 

June 12, 9 a.m. Animal dead, 

S4- — Female, Belgian. 

May 20, 1915. Received in the laboratory and placed on a diet of oats 
a n d h ay. Weigh 1 1 , 01 0 gm . 

Juno 8. Weight 1,405 gm. 3.47 p.m. Subcutaneous injection of 14 cc. 
of 10 per cent sodium citrate (1.0 gm. per kilo). 3,55 p.m. Frightened. 
Ears erect. 4.35 p.m. No symptoms. 

June 9, 3.31 p.m. Subcutaneous injection of 20 cc, of 10 per cent sodium 
^tratc (1.5 gm. per kilo).' 4 p.m. Shook head occasionally but no other 
iymptoms. 4.05 p.m. Muscular tremors- 

June 10, 11.58 a.m. Weight 1,460 gm. Subcutaneous injection of 20 
cc. of 10 per cent sodium citrate. Almost immediate urination and def- 
ecation. 

June 14. Averaged 50 gm. of oats a day since last injeefciop. Weight 
1,375 gm. 2.01 p.m. Subcutaneous injection of 21 cc. of 10 per cent 
sodium citrate (1.5 gm. per kilo). 2.10 p.m. Passed hard feces. 2.45 
p.m. Posterior extremities rigid. Rigidity more marked in handling, 
ronic rigidity of posterior extremities. Salivation. Fibrillary twitch- 
ings of muscles. 2.47 p.m. Convulsions. 4.15 p.m. Temperature 110® F. 

4.40 p.m. Animal dead. 

Rabbit 39. — Female, maltese. 

May 20, 1915. Received in the laboratory and placed on a diet of oats 

and hay. Weight 1,370 gm. ^ 

June 11. Weight, 1,735 gm. 3.34 p.m. Received subcutaneous injec- 
tion of 25 cc. of 10 per cent sodium citrate solution (1.5 gm. per kiioj. 

4 25 p.m. Respiration accelerated. No other ‘symptoms. 

June 14 Weight 1,555 gm. Ate about 25 gm. of oats zn 2 days. S p.m* 
ReS Srti™ o< ® of 10 per cent eodi™ e.M« 

w n fi rrm ucr kilo) 2.16 p.m. Paresis of anterior extremities- 
Pupils noi-mah 2.46 p.m. Marked convulsions of posterior parts. Saliva- 
tion. 4.15 p.m. Temperature 103° F. 

June 15, 9 a.m. Animal dead. No autopsy. 
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DISCUSSION. 

Since it has been assumed by a number of investigators that 
the action of tartrate, citrate, and oxalate is due to the same 
mechanism, namely, to calcium precipitation, a comparison of their 
behavior in the body may prove of value. Their fate when ad- 
ministered to animals has received some attention at the hands of 
several observers, as the following brief rdsumd of the literature 
will show. 

It has been shown by EQldebrandt (12) and corroborated by 
Dakin (13) that nearly all of the oxalate may be oxidized after its 
subcutaneous injection into rabbits, while Faust (14), who in the 
same way administered the acid to dop, recovered from the 
urine almost the entire amount given. 

The behavior of tartrates in this respect is less satisfactory, as 
the results obtained by several investigators in different animals 
are not concordant. According to Pohl (15) when tartrates are 
given to dogs and rabbits, 33 to 50 per cent of the amounts intro- 
duced were eliminated unchanged in the urine of the animals. 
Underhill, Wells, and Goldschmidt (16) observed only inappreci- 
able quantities of tartrate in the urine of rabbits that had received 
subcutaneously moderately large doses of the salts. The results 
of our experiments with citrates show, therefore, that this salt is 
probably decomposed in the body of carnivorous animals more 
readily than the oxalate or tartrate. 

The toxic action of citrate, tartrate, and oxalate indicates that 
they also differ in this respect. For the present, however, our 
discussion will be confined to the toxicity of citrate and tartrate, 
reserving a comparison of the action of oxalate and its allied 
compounds for a forthcoming commimication. 

When citrate was given intravenously, subcutaneously, or by 
mouth no after effects were observed. Neither sugar nor albu- 
min was present in the urine which was examined for several 
days after toxic doses of citrate were administered. Symptoms 
developed rapidly, especially after large doses, and ended in re- 
covery or death within a few hours. In experiments on cats 
symptoms persisted for 1 or even 2 days, but this occurred so 
rarely that it may be regarded as exceptional. The action of 
citrate is therefore acute. 
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The action of the tartrate when given subcutaneously was 
almost invanably subacute and caused a marked nephritis in the 
rabbit and m cats. As observed by Salant and Smith (17) and 
by Karsner and Denis (18), somewhat larger doses of the salt 
were required to produce renal injuiy in the cat. 

^ The two salts also differed in experiments in which they were 
given by intravenous injections) the dose of tartrate required to 
produce acute s^roptoms being much larger than that of citrate. 
Thus, acute toxic effects were first observed when 1.5 gm. per 
kilo were introduced at the rate of 100 to 200 mg. per kilo per 
minute. The dose required to produce the effect was even 
larger when the rate of injection was decreased, while the minimum 
fatal dose of tartrate when it was introduced directly into the 
blood stream was about 4.2 gm. per kilo. The divergence in the 
behavior of the two salts in the body was especially marked with 
small doses when injected intravenously. About 0.4 gm. of so- 
dium tartrate per kilo caused renal injury in the rabbit, nervous 
or muscular symptoms after such a dose being rare. The same 
amount of citrate per kilo was found to be highly toxic and may 
cause death. When given by mouth the surely fatal dose in 
s rabbits was about the same for tartrates and citrates, but there 
was a notable difference in the effect of the two salts when smaller 
doses were used. We have found that about 3 gm. of sodium 
citrate per kilo were just sufficient to produce purgation and may 
be fatal in some cases. Underhill, Wells, and Goldschmidt (19) 
observed renal changes in rabbits which had received by mouth 
3 to 4 gm. of rochelle salt per Idlo. 

The behavior of citrate and tartrate when repeated doses were 
given also showed that their action is not the same. When 
gradually increasing amounts of the latter were injected sub- 
cutaneously into rabbits a tendency to tolerance developed, while 
the opposite, as may be recalled, was observed with citrates. 

It is evident, therefore, from the data presented above that 
the acute effect of citrate is considerably greater than that of 
tartrate which has also been shown by Salant and Hecht (9) in 
pxneriments upon the isolated heart. That the tartrate is 
theless more poisonous than the citrate may be accounted for 
by the rate of oxidation of the two salts, the latter probabty being 
mote readily destroyed in the body than the foimer, which would 
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appear from the results of Pohl cited above. The action of these 
salts is thus similar to ethyl and methyl alcohol. It had been 
shown that the acute toxic dose of methyl alcohol is larger than 
that of eth 3 d alcohol, the oxidation of the former being slower 
and incomplete. According to Pohl methjd alcohol is oxidized to 
formic acid and formaldeh)’-de, which are more poisonous than 
the original substance. Perhaps tartrate undergoes a similar 
transformation in the bodj'-, the products of decomposition being 
more toxic than the salt from which thej’' are derived. 

SXJJIMARY AND CONCLUSIONS. 

1. Sodium citrate disappears rapidly from the circulation after 
intravenous injection into cats and dogs, but this is retarded when 
the doses are repeated. Oxidation and elimination are probably 
much slower when large doses are given at frequent intervals. 

2. The rate of oxidation of citrate is considerably greater in 
rabbits than in cats. The amount of citrate eliminated in the 
urine after subcutaneous injection averaged 12 per cent in the 
former and about 30 per cent in the latter. 

3. Hemorrhage in rabbits does not affect the elimination of 
citrate, which is not destroyed when added to blood in vitro. 

4. Large doses of sodium citrate when given by mouth render 
the urine alkaline. Only negligible quantities are sometimes 
found in the urine and in the blood after feeding sodium citrate. 

5. The toxicity of sodium citrate when given intravenously de- 
pends upon the rate of injection, the fatal dose varying between 
0.4 and 1.6 gm. per kilo (approximately), but about 70 mg, may 
produce symptoms. 

6. Only large amounts of citrate are toxic when ingested. 

7. Large doses given subcutaneously showed cumulative action. 

8. No citrate was found in the urine when doses under 0.5 gm. 
per kilo were given intravenously. 

9. The toxicity of sodirnn citrate depends upon the rate of its 
oxidation in the body, being more toxic for animals in which 
larger quantities are eliminated unchanged. 

10. Sodium citrate mixed with blood in the proportion of 1 : 100 
inhibited coagulation for 4 days when kept at a temperature of 
10° C. 
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11. Acute action onl}’- was observed in experiments with sodium 
citrate, thus differing from tartrate, the action of which may be 
acute or subacute. 

12. The acute effect of tartrate is less than that of citrate. 

13. A method for the quantitative determination of small 
amounts of citric acid in urine, based on Denig^’ reaction has 
been described. A modification of this method ser\md for the 
appro.ximate estimation of very small amounts of citrate in blood. 
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KAFIRIN, AN ALCOHOL-SOLUBLE PROTEIN FROM 
KAFIR, ANDROPOGON SORGHUM.* 

Bv CARL 0. JOHNS and J. F. BREWSTER. 

(From Ihe United States Department of Agriculture, Bureau of Chemistry, 

Washington.) 

(Received for publication, October 11, 191C.) 

Kafir has become an important crop in the United States during 
the last decade. In 1910 three million acres were under cultiva- 
tion and the value of the crop was thirt}' million dollars. Hither- 
to, no study has been reported on the proteins of kafir. It has 
been known for some time that tliis cereal contains an alcohol- 
soluble protein. Osborne,* among others, states that he found it 
to contain such a protein, but he did not make a stud}" of it. The 
seeds used in our experiments were gronm in Kansas in 1915 and 
were of the variety knorni as dwarf kafir. These contained a 
strong red coloring substance soluble in alcohol, which accounts 
for the color of the alcoholic extracts described below. 

Nitrogen determinations on the kafir meal showed that it con- 
tained 11.7 per cent of protein (N X 6.25). Of this, boiling 60 
per cent alcohol extracted 7.9 per cent of protein, based on the 
nitrogen content of the extract. We were able to isolate 5.2 per 
cent of pure protein, dried at 110°C., by the use of alcohol rang- 
ing from 60 to 70 per cent by volume. As no account was taken 
of the losses occurring in the various manipulations during the 
preparation of the protein, this yield indicates that most of the 
nitrogpn eirtracted was in the form of protein. 

Since this is the first protein isolated from kafir and consti- 
tutes the greater part of the protein contained therein, we have 
named it kafirin. 

* A preliminary paper was presented at the Urbana meeting of the 
American Chemical Society (Science, 1916, xliv, 217). 

The kafir used in these experiments was obtained from the Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department 
of Agnculture. It is known as Dwarf Blackhull kafir and is described by 
Ua 1, C. R., and Rothgeb, C., U. S. Dept. Agric., Farmers’ Bull. 662, 1913, p. 8. 

Osborne, T. B., The Vegetable Proteins, London, 1909, 80. 
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Kafirin 


In its ultimate composition kafirin closely resembles zein from 
maize, as is shown by a comparison of the following values. 



Kafirin. 

Zein.* 

c 

55.19 
7.36 j 
16.44 
0.60 
20.41 

55.23 

7.26 

16,13 

0.60 

20.78 


N 

s 

0 


* Chittenden, R. H., and Osborne, T. B., Am. Chem. J., 1891, .xiii, 453; 
1892, xiv, 20. 


While zein is very soluble in 70 per cent alcohol at all tempera- 
tures, kafirin requires a large quantity of the same strength of 
alcohol to effect solution. Kafirin is much more soluble in hot 
alcohol than in cold and even rather dilute solutions will form a 
jelly on cooling. On this account it was necessaiy to use the 
large volumes of alcohol stated in the experimental part of this 
paper, and to filter the extracts while hot. Kafirin also coagu- 
lates easily, while an alcoholic solution of zein does not coagu- 
, late when heated. 

A striking difference between kafirin and zein is found in the 
distribution of the nitrogen in these proteins as shown by the 
following figures. 


N 

Kafirin. 

Zein.* 

Hiimin 

0.17 

j 0.16 


3.46 

2,97 

HoQlf! ] 

1.04 

1 0.49 

Non-basic j 

11.97 

12.51 

nvfnl 1 

. lO.k 

16.13 





* Osborne. T. B., and Harris, I. F., Am. Ch&m. Soc., 1903, xxv, 323. 


Apparently a further difference exists between kafirin and zein 
in the proportion of the diamino-acids which these proteins yield. 

Tl.e folio, Ag 

, 0.b.™., T. B., ».d to, D. E-. J”' 
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In the analj’-sis of kafirin 0.78 per cent of cystine was precipitated 
with the phosphotungstates of the other bases and a correspond- 
ing correction has been made in the figures. 



Kafirin. 

Zcin. 

Arginine. 

1.58 

1.55 

Lysine 

0.90 

0,00 

Histidine 

1.00 

0.82 

Tryptophane 

Present. 

0.00 



It is thus seen that kafirin contains lysine and tryptophane, 
both of which are lacking in zein, and which are necessary for 
animal nutrition. 

Further investigations on the proteins of kafir are in progress. 

EXPERIMENTAL. 

Preparation of Kafir Meal . — ^The kafir seeds were ground to a 
meal. This was placed in stoppered bottles and used for the ex- 
periments described below. 

Preparation of Kafirin . — ^The kafir meal was stirred into eight to 
ten parts of boiling 70 per cent ethyl alcohol (by volume). This 
mixture was heated for an hour in a double boiler made by placing 
a pail containing the extraction mixture in a somewhat larger pad 
containing water heated to about 80°C, To avoid coagulation of 
the protein, the mixture must be frequently stirred to prevent 
the meal from settling as a hard cake on the bottom of the pail 
and becoming overheated. If none of the kafirin had been coagu- 
lated the hot mixture was readily filtered on a Buchner funnel 
and the deep red filtrate again filtered through a folded filter. In 
this way a perfectly clear liquid was obtained. This was con- 
centrated under diminished pressure to about one-half its original 
volume and poured into a large quantity of chilled, distilled water. 

The kafirin first appeared as a milky suspension which showed 
no tendency to flock. The addition of sufficient sodium chloride 
solution while stirring caused the protein to settle as a bulky floc- 
culent or granular precipitate, leaving the supernatant liquid al- 
most clear. This precipitate was washed several times by decan- 
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tation and then filtered off on cheese-cloth, and the water held in 
the precipitate was pressed out as far as possible by wringing the 
cloth- The protein was disintegrated and suspended in absolute 
alcohol for 24 hours. The alcohol assinned a deep red color from 
the coloring substances carried down by the protein. To remove 
all the color it was necessaiy to renew the absolute alcohol two 
or three times. The hafirjn was then filtered off and suspended 
in absolute ether for 24 hours. The ether was poured off and 
the kafirin squeezed out in a cloth and disintegrated in a meat 
chopper, which left it in a granular condition. It was then 
placed in a vacuum desiccator over sulfuric acid until freed from 
ether, and finally dried in the vacuum oven, the temperature being 
gradually raised to 110°C. The drihd kafirin was then easily 
ground to a flour in a mill and obtained as a gray powder. Prepa- 
rations 1 to 12, inclusive, were made in this way. 

In order to determine whether the kafirin could be obtained in 
a purer state^ Preparation 13, after precipitation vdth water and 
filtering, was redissolved in hot 70 per cent alcohol. A large vol- 
ume of alcohol is necessary in redissolving the kafirin as coagula- 
tion occurs if too small a volume is used. The kafirin was repre- 
cipitated by pouring into a large volume of water and was then 
treated as described above. Comparison of the analytical re- 
sults makes it apparent that there is no advantage to be gained by 
purification in this manner, which at the same time greatly reduces 
the yield. 

Analyses of Preparations 1 to 13, calculated on a moisture- 
free basis, gave the following results. 



Preparation 1. 

J^reparation 2. 


I. 


Aver' 

ago. 

Ash- 

free. 


Ash- 

free. 


55.22 

55,01 

55.12 

55.20 

65.36 

55.52 


7.31 

7.25 

7.2S 

7.29 

7.29 

7.31 


16.40 

16.47 

16.43 

16.46 

16.20 

lO.xO 


0.63 


0.63 

0.63 

0.55| 

u.Qy 
oQ 35 





20.42 




0.17 

0.17 

0.17 


0.^0 1 

— . 
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Preparation 3. 

Preparation 4. 


I. 

II. 

Avor- 

OCO. 

Asil- 

free. 

■ 

Aflb- 

free. 

c 


55.35 

55.21 

55.38 


55.21 

H 1 

tarn 

7,25 

7.22 

7. 20 

7.24 

7.26 

N 

■uEiij 

16.15 

16.22 

16.28 

16.37 

16.41 

S 

0.71 

0.71 

*0.71 

0.66 

0.66 

0 


20.37 

20.46 

Ash. 

0.33 



0.28 









Preparation 5. 

Preparation (i. 

I. 

n. 

Aver- 

age 

Ash- 

free. 

B 

II. 

Aver- 

age. 

Ash- 

free. 

c 

55.33 

55.10 

55.21 

55.33 


54.90 

54.88 

54.99 

H 

7.38 

7.35 

7.36 

7.38 

7.25 

7.25 

7.25 

7.27 

N 

16.36 

16.29 

16.32 

16.35 


16.36 

16.34 

16.38 

S 



0.62 

0.62 

0.49 

0.52 

0.51 

0.51 

0 




20.32 




20.85 

Ash 











Preparation 7. 

Preparation 8. 

I. 

n. 

Aver- 

age. 

Ash- 

free. 

I. 

II. 

Aver- 

age. 

Ash- 

free, 

C 

55.38 

55,42 




54.88 

54.95 

55.07 

H 

7.35 

7.32 

7.34 

7,36 

7.47 

7.44 

7.45 

7.47 

N 

16.31 

16.46 

16,38 

16.43 

16.41 

16.55 

16.48 

16.53 

s 

0.56 



0.56 

0.64 



0.64 

0..-. 








20.29 

Ash 





0.20 






Preparation 9. 

Preparation 10, 

I. 

II. 

Aver- 

age. 

Ash- 

free. 

I. 

ri. 

Aver- 

age. 

Ash- 

free. 

C 

55.12 

54.94 

55.03 

55.19 

54.80 

54.87 

54.83 

55.06 

H 

7.36 

7.41 

7.38 



7.46 

7.38 

7.41 

N. 

16.57 

16.61 

16.59 

16.64 

16.61 

16.43 

16.52 

16.58 

s ■ 

0.50 


0.50 


0.60 


0.60 

0.60 

0 




wSIm 




20.35 

Ash 

0.24 




0.47 
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Preparation 11. 

Preparation 12. 

I. 

II. 

Aver- 

age. 

Ash- 

free. 

I, 

IL 

Aver- 

age. 

Ash- 

free. 

C 

54. 9S 

54.S1 

54.89 

55.03 

54.79 

54.75 

54.77 

54.89 

H 

7.22 

7.34 

7.28 

7.30 

7.37 

7.51 

7.44 

7.46 

N 

16.4S 

16.33 

16.40 

16.45 

16.43 

16.39 

16.41 

16.45 

S 

0.59 

1 


0.59 

0.60 


0.60 

0.60 

0 




20.63 




20.60 

Ash 

0.23 




0.21 


o'. 21 



Preparation 13 (redissolved). 



I. 

II. 

Aver- 

age. 

Ash- 

free. 

c 

54.92 

54.90 

54.91 

55.04 

H 

7,41 

7.42 

7.41 

7.43 

N 

16.54 

16.40 

16.47 

i 16.51 

S 

0.65 


0.65 

0.65 

0 




20.37 

Ash 

0.20 


0.20 









Summary of Analyses of Kafirin. 


Preparation No. 

IB 

B 

3. 

4. 

5. 

6. 

7. 

c 

55.20 

55.52 

55.38 

55.21 

55.33 

54.99 

55 60 

H 

7.29 

7.31 

7.26 

7.26 

7.38 

7.27 

7.36 

N 

16.46 

16.25 

16.28 

16.41 

16.35 

16.38 

16.43 

s 

0.63 

0.56 

0.71 

0.66 

0.62 

0.51 

0.56 

0 

20.42 

20.36 

20.37 

20.46 

20.32 

20.85 

20.05 

Preparation No. 

8. 

9. 

10. 

11. 

12. 

13. 

Aver- 

age 


55.07 

55.19 

55.06 

55.03 

54.89 

55.04 

55.19 

7.36 

16.44 

0.60 

20.41 


7.47 

7.40 

7.41 

7.30 

7.46 

7.43 


16.53 

16.64 

16.58 

16.45 

16.45 

16.51 


0.64 

0.50 

0.60 

0.59 

0.60 

0.65 


20.29 

20.27 

20.35 

20.63 

20.60 

20.37 


miribulwn oSmtrcgen in 

gen was obtained from an analysis made by the Van Sly^e m 
A sample of kafirin containing 16.64 per cent of nitrogen g 
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following results, from which it appears that this protein differs 
from zein in containing distinctly more amide nitrogen as well as 
basic nitrogen. 


N 

KaSrin. 

Zein.^ 

TTiimin- , 

0,17 

0.16 

Amide 

3.46 

2.97 

Basic - 

1.04 

0.49 

Non-basic 

11.97 

12.51 


Total 

16.64 

16.13 



* Osborne and Harris, J, Am. Chem. Soc.y 1903, xxv, 323, 


The percentage of diamino-acids in kafirin was also determined 
by the Van Slyke method. The results given below have been 
corrected for 0.78 per cent of cystine which was precipitated with 
the phosphotungstates of the other bases. 



Kafirin. 

Zein.* 

Arginine 

1 58 

1.55 

Lysine 

0.90 

0.00 

Histidine 

1.00 

0.82 

Tryptophane 

Present. 

0.00 



*See reference 2. 


These results indicate that kafirin contains the lysine and tryp- 
tophane complexes, both of which are wholly lacking from zein. 

SUMMAHY. 

A new alcohol-soluble protein has been isolated from kafir* 
seeds, which constitutes more than one-half the protein in the 
seed. This protein has been named kafirin. Kafirin resembles 
zein in its ultimate composition, but is different in physical prop- 
erties. It contains tryptophane and apparently lysine, both of 
which are lacking in zein. An analysis of kafirin has been made 
by the Van Slyke method. This shows quantitative differences 
between kafirin and zein. 




SOME PROTEINS FROM THE JACK BEAN, CANAVALIA 

ENSIFORMIS.* 

Bt D. BREESE JONES and CARL 0. JOHNS. 

{From the Bureau of Chemistry ^ United States Department of Agriculture, 

Washington,) 

(Received for publication, October 5, 1916.) 

As far as we have been able to learn no attempts have been 
made to isolate any of the proteins fronj the jack bean. Bam- 
stein^ states that the ripe seed contains about 25 per cent of crude 
protein. We found that the seed with which we experimented 
contained 23 per cent of protein. When the jack beans were 
groimd to a meal, distilled water extracted 15 per cent of protein, 
while a 2 per cent sodium chloride solution extracted 18.5 per 
cent, and a 10 per cent solution extracted 18 per cent. A 0.2 
per cent solution of potassium hydroxide extracted nearly all of 
the protein or 22,3 per cent. When the meal was mixed with 
three times its weight of 10 per cent sodium chloride solution and 
this mixture ground in a mill to break up the cells, 20.5 per cent 
of protein were extracted (N X 6.25). 

When sodium chloride extracts of the jack bean were dialyzed 
against distilled water, about 10 per cent of pure dry globulin, 
based on the weight of the meal used, was obtained. The globu- 
lin was so soluble in salt solutions that it could not be precipitated 
by diluting these solutions with water, although small quantities 
were obtained by saturating aqueous extracts of the jack bean 
with carbon dioxide. After the globulin had been removed the 
dialysate yielded about 1.5 per cent of an albumin. This was 
obtained by heating the solution to 80° C. 

It is evident that the globulin of the jack bean is not identical 
with phaseolin from the kidney bean, Phaseolus vulgaris. The dif- 

* A preliminary report of this work was made at the Urbana meeting 
of the American Chemical Society \Science, 1916, xliv, 217), 

^ Barnstein, F., Landw. Vers.-Siat,, 1914, Ixxxv, 113. 
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Proteins from Jack Bean 

feronce in composition of the globulins of the jack bean and pha- 
scolin from the kidney bean is shown by the figures given below. 



Globulin 
from tho Jack 
bean. 

Phawolia 
from the kidney 
bean.* 

c 

52.94 
' 6.96 

16.49 
0.45 
23.16 

52,66 
6,93 
' 15.83 

0.36 
24.22 

H 

N 

s 

0 



* Osborne, T. B,, Ergchn, Phijsiol, 1910, x, 115. 


Fractional precipitation of the globulin obtained from the jack 
bean by means of ammonium sulfate enabled ns to isolate two 
globulins which differed chiefly in their sulfur content and their 
solubilities in ammonium sulfate solutions. The globulin ob- 
tained in the greatest amount and which was the most soluble 
and contained the least sulfur we have named canavalin. Asso- 
ciated with canavalin was a small quantity of a second globulin 
which was less soluble and had a much higher sulfur content than 
canavalin. To this globulin we have given the name concanava- 
lin. These have the following composition. 



Canavalin. 

Concanavalin. 

c 

53.26 

63.28 

H.. 




' 16.72 

16.45 



s 




22.51 

22.15 





Osborne and Campbell found that the globulin precipitated by 
dialysis from extracts of the yellow lupine was a mixture of two 
globulins, conglutin A and conglutin B. These differed chiefly m 
their sulfur content, which was 0.52 and 1.65 per cent, respective y. 

It is evident from the analysis of canavalin and concanavalin 
that only a small quantity of concanavalin can be present m the 
mixture of globulins obtained by dialysis, since the sulfur con e 

; T. »d c-pbfn, G/, f f-; 


464. 


oSo! T k, and Harris/r. F.. /. 1905, xiii, 
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of canavalin and the mixture of globulins is practically the same. 
The distribution of nitrogen in canavalin and phaseolin from the 
kidney bean is given below for comparison. 


N 

1 1 

CanavaUn. | 

1 

Phaseolm.* 

Humin 

0.28 

0.33 

Amide 

1.41 

1.69 

Basic 

3.17 

3.62 

Non-basic 

11.55 

10.56 


Total 

16.41 

16.20 



* Osborne, T. B., The Vegetable Proteins, London, 1909, 57. 


The albumin present in extracts of the jack bean was easily 
obtained by coagulation after the globulins had been removed by 
dialysis. This protein resembled the legumelins which have been 
described by Osborne^ and his coworkers. Its ultimate composi- 
tion is given below. 

C 
H 
N 
S. 

0 

The nitrogen in the albumin was distributed as follows: 


Humin 0,23 

Amide 1.16 

Basic 3,73 

Non-basic 11.18 

Total 16.^0 


53.24 

7.00 

16.38 

0.88 

22.50 


EXPERIMENTAL. 

Preparation of Meal from the Jack Bean . — The air-dried beans 
were very hard and diflScult to grind. They were therefore 
crushed by passing them through a power-driven meat chopper 
and then ground to a meal in an electrically driven coffee mill. 
This meal was placed in stoppered bottles and used; without 
further drying, for the experiments described below. 

« Osborne, T. B., Ergebn. Physiol,, 1910, x, 119. 
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Globulins Exlradcd by 'nyier and Precipiialed by Carbon Diox- 
ide.- Aciucous extracts of jack bean ineal were made by using 500 
cc. of distilled water to each 100 gm. of meal. After stirring thor- 
oughly to break up all lumps, the mixture was placed in an ice 
chest over night. It was then run through a peanut grinder to 
crush the swollen particles of meal, thereby obtaining a more 
complete extraction. The liquid so obtained was mixed with 
enough filter paper scrap to make a thick pulp. This was placed 
in cloths and pressed out with a powerful press. The turbid ex- 
tract was very difficult to filter but was finally obtained in a 
clear fonn by filtering through paper pulp on a Buchner fun- 
nel. This filtrate was saturated with carbon '’’''xide. At first 
the solution became turbid and on standing over night in a 
cool place a part of the globulins subsided. Since the subsid- 
ence was not sufficient to permit separation by decantation, the 
whole mixture was filtered through a folded filter. The residue 
was washed with water and alcohol. It was then suspended 
in absolute alcohol for 24 hours, and after filtering off the alcohol 
it was suspended in absolute ether for the same length of time. 
After filtering off the ether the globulin was placed over sulfuric 
acid in a vacuum desiccator. It was finally dried in a vacuum 
oven at 110°C., the temperature being raised gradually. Two 
preparations made in this manner gave the following results on 
analysis. 


FrepamUon 1* 



Preparation i 


52.15 52.51 52. ri 52.64 52.67 S3.02 
6.78 6.751 6.76 6.S2 6.78 6 92 6.85 6.94 

16:42 16.461 16.44 16.55 16.89 le.gSf X6.93 17.04 

0.47 0.47 0.47 0.44 0.44 0.44 

, 23.65 , 

0.66 0.66 0.57 0.57 



Glohnh'ns Extracted by Sodium Chloride Solutions and Prenpi- 
lalcd by Dwl,jm.-&n extract teas made erith a 2 P'”* 
cWoride »lu«ca, axing 300 gm. 

solution. The extract was pressed out and filtered as desen 
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above. Tbe clear filtrate was then dialyzed in a parchment bag 
suspended in running distilled water until the chlorides had been 
removed. The globulin separated in the foim of minute sphe- 
roids. These were dehydrated in absolute alcohol and ether, and 
finally dried to llO’C, in a vacuum oven. An analysis gave the 
following results. 



Preparation 3» 



1 Ash-freo. 

c . . 

52.03 


H 

6.92 


N 

16.23 

16.5a 

S 

0.39 

0.40 

0 

23.00 

Ash 

1.87 ■ 




Globulins Precipitated by Ammonium Sulfate . — Preparations 4 
to 6 were made by extracting the meal with 2 per cent sodium 
chloride solutions and saturating the clear filtrate with ammonium 
sulfate. The precipitate so produced was filtered off and redis- 
solved in a small quantity of distilled water, since enough ammo- 
nitun sulfate adhered to the protein to effect solution. A 
slight turbidity was removed by filtering through paper pulp and 
the filtrate was dialyzed until free from sulfates. Preparation 7 
was obtained in the same manner except that the extract of the 
meal was made with a 10 per cent sodium chloride solution. These 
preparations gave the following results. 



Preparation 4. 

Preparation 5. 

I. 

n. 

Aver- 

age. 

Ash- 

free. 

I. 

IX. 

Aver- 

age. 

Ash- 

free. 

C 

52.34 

52.39 

52.36 

52.83 

1 

52.51 

52.47 

52.49 

52.78 

H 

6.76 

6.94 

6.85 

6.91 

6.91 

6.83 

6.87 

6.90 

N 

RtllTA 

16.91 


Ifi 

10 31 

16.32 


16 41 

S 

0.36 



0.46* 


0.46 

0 



, 

23.77 




23.45 

Ash 

0.89 




0.54 
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Preparation 6. 

Preparation 7. 



Ash-free. 


Ash-free. 

c 

53,08 

53.42 


53.02 

H 

7.10 

7.14 


6.98 

N 

16.27 

16.38 

! 16.30 

16.41 

s 

0.57 

0.57 

0.40 

0.46 

0 

22.49 


23.13 


0.61 


0.65 


, 






SummaTy of Preparations 1 to 7. 


Preparation No. 



1. 

2. 

’ 3. 

4. 



7. 

— 

Aver- 

age. 

0 


Pill 







TT 

mm 

KiSfl 

7.04 




6.98 


rcf 

16.55 

17.04 

16.53 

16.13 

16.41 

16.38 

16.41 

16.4y 

R 

0.47 

0.44 

0.40 

0.36 

0.46 


0.46 

0,45 

0 

23.65 

22.56 

23.00 

23.77 

23.45 

22.49 

23.13 

23.16 


Fractional Precipitation of the Globulins with Ainmonium Sulfate- 

Concanavalm.-ka extract was made from 1 Mto of be^ 
meal using 3 liters of a 1 per cent sodium chloride solution. 
The clear filtrate was made 0.6 saturated with ammonium su * 
men » mhtare allowed to stand over night a floeeulent 
precipitate settled. This was Altered 0 * and redissolved by 
wsCor since enough amraoniura sulfate was held by 

”''”d bfateri^^ Altrat. was then dialyswl unlU s„l- 
removed by jj quantity of globulin which sepa- 

fates were i meviously described and gave 

rated J preparation (9) was obtained by extract 

Preparation 8 ,1 tith a 2 per cent sodium chloride solution, 

irrg 1 kilo of the redissolved by adding water. 

The P'fP“Xn dialysed until free from sulfates. Analysrs 

IftlSw-ations gave the following results. 
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Preparation 8 

Preparation 9 

i 

Aah'-frcc. 

[ 

i 

Ash-free 

i 

c 

53 34 

53 58 

1 

52,73 

1 

52.98 

H 

6 93 

C.9G 

7.04 

7,08 

N 

16 58 

16 65 

16 17 

16.25 

S 

1 13 

1.13 

1.06 

1.07 

0 


21 68 ^ 


22.62 

Ash 

0 45 


0.43 



Preparation of Canavalin . — One preparation (10) of this pro- 
tein was obtained from the filtrate from Preparation 8. After the 
concanavalin had been removed as previously described, the fil- 
trate which was now 0.6 saturated with ammonium sulfate was 
made completely saturated by adding a slight excess of the same 
salt. The large quantity of precipitate which separated was fil- 
tered off and redissolved by the addition of water. After filtering 
clear, this solution was dialyzed to remove sulfates. Two other 
preparations (11 and 12) of canavalin were prepared in prac- 
tically the same manner. These preparations were analyzed with 
the following results. 



Preparation 10 

Preparation 11. 

Preparation 12. 


Ash- 

free 


Ash- 

free 


Ash- 

free 

C 

52 38 

53 38 

52 67 

53 23 

52 85 

53 18 

H 

6 92 

7 05 

6 98 

7 06 

6 89 

6 94 

N. 

16 52 

16 83 

16 47 

16 64 

16 63 

16 74 

S. 

0 47 

0 48 

0 48 

0 48 

0 47 

0 47 

0 


22 26 


22 59 


22 67 

Ash 

1 76^ 


1 00 


0 62| 



Disinbuiion of the Nitrogen in Canavalin , — ^Determinations to 
ascertain the distribution of the nitrogen in canavalin were made 
on two samples containing 16.40 and 16.42 per cent of nitrogen 
respectively. These samples probably contained a very small 
quantity of concanavalin, but not enough to affect the results of 
the analyses appreciably. The values obtained were as follows. 
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N 

I. 

u. 

III. 

Average. 

Humin ' 

0.27 

0.28 

0.30 

0,28 

Amide 

1.30 ' 

1.45 

1.50 

1,41 

Basic 

1 3.08 

3.15 

3,28 

3,17 

Non-basic 

1 11.75 

1 

11.56 

, 11.34 

, 11,55 

Total 

16,40 

16,42 

16.42 

16.41 


Albumin from the J acfc Bean . — After the globulin had been re- 
moved from the sodium chloride extracts of the jack bean as 
completely as possible by dialysis the clear filtrate was heated to 
obtain any albumin that might be present. A turbidity appeared 
at 50'^C. and a coagulum at 62?C. The temperature was raised 
to 65°C. and the heating continued until no more coagulum 
formed. The filtrate from this coagulum showed a slight tur- 
bidity at 75-^0°C. and gave but a trace of coagulum between 
85 and 95°C. Preparations of the albumin were made by heating 
solutions, from which the globulin had been removed, at 75- 
80°C. In this way a white coagulum was obtained. This was 
filtered off, washed with water, and suspended in alcohol and 
finally in ether. The albumin thus obtained was a white pow- 
der, and analyses of four different preparations gave results 
which agreed almost within the limits of error of the analytical 
methods. The results of these analyses follow. 


Preparation 13. 

Preparation 14, 

Preparation 15. 

Preparation 16. 


Ash- 


Ash- 


Ash- 


Ash- 


free. 


free. 


free. 


free. 

52.69 

53.28 


63.28 

52.88 

53.26 

52.76 

53.13 

7,03 

7.10 

6.96 

6.99 

6.87 

6.96 

6.03 


16.13 

16,31 


16.42 

16.24 

16 35 

16.34 

16.45 

0.81 

0.81 

■IWM 



0.86 


0.86 


22,50 


22.34 


; 22,57 


22.58 

1.00 


0.36 




0.64 




The nitrogen in the albumin from the jack bean was distrib- 
uted as follows: 
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Humin 0.23 

Amide 1.16 

Basic 3.73 

Non-basic 11.18 

Total 16.30 

smmARY* 

Two globulins, canavalin and concanavalin, and an albumin of 
the legumelin type have been isolated from the jack bean. The 
distribution of nitrogen in canavalin and in the albumin has 
been determined. 




THE PROTEINS OF THE PEANUT, ARACHIS HYPOGiEA. 

I. THE GLOBULINS ARACHIN AND CONARACHIN. 

By caul 0. JOHNS and D. BREESE JONES. 

(From the Bureau of Chemistry, United States Department of Agriculture, 

Washington.) 

(Received for publication, October 13, 1916 .) 

The ravages of the boll -weevil have made it unprofitable to 
grow cotton in various sections throughout the South. In many 
regions where the growing of cotton has been decreased, peanuts 
are now being grown as a supplementary crop. This has caused 
a large increase in the production of peanuts in the United States. 
A number of mills which in the past produced cottonseed oil are 
now using their presses for the production of peanut oil. The 
press-cake thus obtained as a by-product is used for cattle food 
and sells at about thirty-five dollars a ton. This cake, therefore, 
furnishes a relatively cheap source of food with a very high pro- 
tein content. 

The most striking result brought out during this investigation 
is the fact that the globulins of the peanut contain a high percent- 
age of basic nitrogen when compared with the proteins of other 
seeds commonly used for food. Work on the hydrolysis and 
separation of the amino-acids of the peanut globulins is in prog- 
ress and will be reported in a later publication. 

The proteins of the peanut have received but little attention. 
The only published experiments seem to be those described by 
Ritthausen^ in a paper which appeared in 1880. This author ex- 
tracted oil-free peanut meal with a solution of sodium chloride 
and with solutions of potassium, calcium, and barium hydroxides. 
From the sodium chloride extract he obtained the globulin by 
saturating the diluted extract with carbon dioxide, or simply by 
diluting the extract with a large volume of water. Apparently 
the same globulin was obtained by acidifying the alkaline ex- 

* Ritthausen, H., Arch. ges. Physiol., 1880, xxi, 81. 
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Proteins of Peanut. I 


tracts with acetic or sulfuric acids. Ritthausen found no evidence 
in his analytical data that indicated the presence of more than one 
globulin in the peanut. 

The peanut meal with which Ritthausen experimented had 
been dried over sulfuric acid in a desiccator and contained 10.18 
per cent of nitrogen or 56 per cent of protein. The latter value 
was obtained by multiplying the percentage of nitrogen by 5.5, 
thus assuming that the protein contained 18 per cent of nitrogen. 
When this meal was extracted with 10 per cent sodium chloride 
solution he isolated 27 per cent of globulin by diluting the extract 
with water and then saturating with carbon dioxide. 

We have extracted air-dried oil-free peanut meal containing 
42 per cent of protein (N X 5,5) with a 10 per cent sodium chlo- 
ride solution and have found that about 32 per cent of protein, 
based on the weight of meal used, is dissolved at room tempera- 
ture. Wlien the temperature was raised to 40-'50°C. the yield 
was not increased. From a sodium chloride extract of the meal, 
calculated to contain 32 gm. of globulin, we were able to isolate 
about 25 gm. by diluting the sodium chloride extract with water 
or by saturating with carbon dioxide. This yield is based on the 
actual weight of pure protein after drying at 100°C. and does not 
take into consideration the losses incurred during its isolation. 

The analyses of ten preparations of peanut globulin precipi- 
tated by dilution or by dialysis, of sodium chloride extracts gave 


results which agree well with those published by Ritthausen, 
except the value for carbon, which we found to be about 0.7 per 
cent higher than that reported by him. 

We have made fractional precipitations of the protein extracted 


by salt solutions from peanut meal and in this manner have iso- 
lated two globulins, one of which is present only to a small ex- 
tent. The globulin composing the greater part of the precipitate 
obtained by diluting sodium chloride extracts of peanut meal 
with water is the less soluble of the two and is precipitated, when 
in 10 per cent salt solution, by adding ammonium sulfate to 0.2 
of saturation. To this globulin we have given the name aracktn. 
After filtering off the arachin the second globuUn may be obtained 
by dWy* or by saturating the filtrate with ammonium suite- 
This sesond globulin we propose to call cnarachm. The differ 
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ence in composition of these two globulins is shown by the fol- 
lowing anabases. 



1 

Arachin. 

Conarachin. 

c 

52.15 

51,17 

H 

6.93 

6.87 

N 

18.29 

18.29 

s! 

0.40 

1.09 

0 

22.23 

22,58 



It will be seen that the greatest difference between these two 
globulins is in the percentage of sulfur, which is nearly three 
times as great in conarachin as in arachin. Another striking dif- 
ference between these two proteins is shown by the figures rep- 
resenting the distribution of the nitrogen. The figures are as 
follows: 


N 

Arachin. 

Conarachin. 

Amide 

2.03 

2.07 

Humin 

0.22 

0,22 

Basic i 

4.96 

6.55 

Non-basic 

11.07 

9.40 

Total 

18.28 

18.24 


The difiTerence in the basic nitrogen as shown by these results 
IS most striking for, as far as we know, conarachin contains more 
basic nitrogen than any other seed globulin yet examined. The 
percentage of basic nitrogen in the mixture of these globulins is 
also high, being 5.23 per cent. For the sake of comparison the 
percentages of basic nitrogen in some proteins from seeds com- 
monly used for foods are given below.^ 

* Osborne, T. B., The Vegetable Proteins, London, 1909, 57. 












80 


Proteins of Peanut. I 


Zein 

Gliadin. . . 
(( 

Phaseolin. 
Vicilin. . - . 
Arachin. .. 
LegujTiin , . 
^^xcelsin, . 
Edestin... 
Globuh'n., 
Conarachfn 


Protein. 

1 Source. , 

1 

Basic 

mtrogen. 


1 

! 1 

per cent 


Maize. 

0.49 

Rye, 

0.91 

Wheat. 

1,09 

Kidney bean. 

3.62 

Pea. 1 

4.92 

Peanut. 

4.96 

Pea. 

5.11 

Brazil nut. 

6.76 

Hempseed. 

5.97 

Cocoanut. 

6.06 

Peanut. 

6.55 


Besides ^rachin and conarachin, sodium chloride solutions ex- 
tract from peanut meal a trace of albumin which coagulates at 
65~70^C. The quantity of albumin is so small that we have not 
yet been able to obtain a pure product in sufficient amounts for a 
complete analysis. Carbon^ hydrogen^ and nitrogen determina- 
tions made on a small quantity of this albumin gave results 
which agree closely with the values obtained by Osborne and his 
coworkers^ for the legumelins frequently found in the seeds of 
leguminous plants. 

If the diamino-acids represented by the basic nitrogen of the 
peanut proteins are present in the proper proportions, peanut 
press-cake may be used to supplement the deficiency of basic 
nitrogen in such foods as wheat, oats, and corn. Mixtures of 
these cereals with peanut press-cake or peanut flour may prove 
to be a highly nutritious diet and may be used as food for human 
beings as well as animals at less cost than when the cereals are 
used alone. 

Investigations on the proteins of the peanut will be continued. 

EXPEBIMENTAIi. 

Preparation of Meal from the Peanwi.—Shelled Virginia pea- 
nuts oi the best quality were used in this investigation. Ibe 

» Osborne, Ergebn. Physiol., 1910, x, 126. 
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peanuts were pressed cold in an Anderson expeller to remove 
most of the oil. The resulting press-cake was then ground to 
a meal, the residual oil was removed by means of cold petroleum 
ether, and after filtering by suction the meal was placed in a 
vacuum desiccator until free from petroleum ether. 

Globulins Predpitaici hy T>ihding Sodium Chloride Extracts oj 
Peanut Meal with Water . — In extracting the globulins from pea- 
nut meal 500 cc. of a 10 per cent sodium cliloride solution were 
used for each 100 gm. of meal. The meal was stirred into the 
salt solution, giving a thick pasty mass. Tliis paste was run 
through a grinding mill three times and a thin mixture was ob- 
tained as the distended cell walls were broken up. Dry filter 
paper scrap was then added and the mixture was worked up with 
the hands until a rather stiff pulp was obtained. This was 
placed in cloths and the liquid forced out by means of a powerful 
press. In this way we pressed out a volume of extract equal to 
about 80 per cent of that of the sodium chloride solution used. 
The press juice was then filtered clear by suction through a thick 
mat of paper pulp and a clear fluorescent liquid was obtained. 
This was diluted by adding five or six volumes of distilled water. 
The globulins precipitated immediately in the form of a viscous 
paste, which, when stirred with a rod, exhibited a silvery sheen. 
The supernatant liquid was poured off and a little distilled water 
added. On stirring with a glass rod the character of the precipi- 
tate was altered so that it was converted into a finely divided 
granular substance and an opaque milk-like fluid. The latter 
could neither be filtered nor caused to separate by centrifugating. 
The addition of alcohol at this stage usually caused the milky 
liquid to separate so that it could be filtered off by suction or 
thrown down by centrifugating. The precipitate thus produced 
was washed with 50 per cent alcohol and then dried by suspend- 
ing it in absolute alcohol for 24 hours. The protein was then fil- 
tered off and suspended in anhydrous ether for another 24 hours. 
After filtering off the ether the protein was placed in a vacuum 
desiccator and was finally dried in a vacuum oven by raising the 
temperature gradually to 110°C. The globulin was thus obtained 
as a white powder. Analyses of five different preparations are 
given below. 
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Preparation 1. 

Preparation 2. 


Ash- 

free. 

L 

II. 

Aver- 

age, 

1 Ash- 
free. 

c 

51.48 

62.11 

51.48 

51,35 

51.41 


H 

6.61 

6.69 


6.63 

6.63 

6.71 

N 


18.22 




18.27 

S 

Wm 




0.42 


0 


22.52 




22.53 

Ash 

1.18 


1.22 


1.22 




Preparation 3. 

Preparation 4. 

I. 

II. 

Aver- 

age. 

Aeh- 

free. 


Ash- 

free, 

c 

51.42 

51.52 

51.47 

51.87 


52.53 

H 


6.70 

6.73 

6.78 

6.74 

6.79 

N 

18.19 

18.23' 

18.21 

18.34 

18.17 

18.32 

S 






0.61 

0 




22.53 

i 

21.75 

Ash 









Preparation 5. 


I. 

II. 

Aver- 

age. 

Ash- 

free. 

c 

51.54 

51.78 


52.11 

H 

6.65 

6.74 

1 <5.69, 

6.72 

N 

17.871 


17.871 

IH 

S 

B 

1 


Ha 

0 



22.73 

Ash 






1 


1 



Globulins Obtained by Dialysis of Sodium Chloride Extracts of 
Peanut Meal. — Sodium chloride extracts of peanut meal were pre- 
pared as described above. These extracts were dialyzed in parch- 
ment bags, suspended in running water, until the solution ceased 
to give a test for chlorine. Toluene was used to keep the solu- 
tion sterile. The analyses of three preparations thus obtained 
are given below. It will be seen that these preparations difler 
but slightly from those obtained by precipitating the globulins 
by adding water to the sodium chloride extract. 

















C. 0. Jolins and D. B. Jones 


83 



Preparation 6. 

Prepnmtion 7. 

Preparation 8. 


I. 

_ . 

n. 

Aver* 

ncc. 

Ash- 

free. 

I. 

n. 

Aver- 

w;e. 

Ash- 

free, 

I. 

ir. 

Aver- 

age. 

Ash- 

free. 

c 

51.91 

52.11 

Hi 

52.39 


52.12 


52.40 

51.37 

51.32 

51.34 

51.60 

H 1 

6.57 

6.76 

laBa 

0.71 

G,67 

6.75 

6,71 

6.75 

C.68 

6,64 

mUm 

6.69 


mi 

18.10 

18:05 

18.24 

17.77 

17.87 

17.82 

17.92 

17,95 


17.95 

18.05 

s i 




0.50 

0.48 


0.48 

0.48 


0.C2 


0.64 

0 




22.16 




22.45 




23.02 

Ash... 

0.76 

i 

0.76 




0.59 


0.55 





Globulins Obtained by Saturating Sodium Chloride Extracts oj 
Peanut Meal with Carbon Dioxide. — Sodium chloride extracts of 
peanut meal were diluted with water until a faint turbidity 
was produced and were then saturated by passing a stream of 
carbon dioxide through the liquid. A compact white precipitate 
was obtained on allowing the mixture to settle over night. Two 
preparations made in this way gave the results stated below. 



Preparation 0. 

Preparation JO. 

I. 

11. 

Aver- 

age. 

Ash- 

free. 

I. 

n. 

Aver- 

ago. 

Ash- 

free. 

C 

52.17 

52.85 

62.01 

52.17 

52 21 

52.00 


52.29 

H 

6.81 

6.75 

6.78 

6.79 

6.51 

6.71 

6.61 

6.63 

N 

18.17 

18.21 

18.19 

18.24 




18.15 

s 

0.49 



0.49: 

■KKH 


0.42 

0.42 

0 




22.31 


1 


22.51 

Ash 

0.29! 

j 





0.34 



Summary of Analyses of the Total Globulin Obtained from the Peanut. 


Preparation No 

1. 

2. 

3 . 

4. 

5 . 

6. 

c 

52.11 

52.06 

51,87 

52.53 

52.11 

52.39 

H... . 

6.69 

6.71 

6.78 

6.79 

6.72 

6.71 

N 

S.... . 

0 

18.22 

18.27 

18.34 

18.32 


18.24 

0.46 

0.43 

0.48 

0.61 

'0.41 

0.50 

22.52 

22.53 

22.53 

21.75 

22.73 

22.16 

Preparation No... 

7 . 

1 

8. 

1 

i 

10. , 

Aver- 

age. 

Kitt- 

hausen. 

c... 1 

H... ’ 


‘51.60 

^ AO 

52.17j 

ft ^nj 

52.29 

/J /JO 

52.15 

n 'TO 

51.41 
fi 74 

N. .. 

s 

O. ... ! 

\f.tO 

17.92 

u. oy 

18.05 

V • / ^1 

18.24 

0.00 

18 15 

18. IS 

18.25 

0.48 

0.64 




0.56 

22.45 

23.02 

22.31 

22.51 

22.45 

23.04 
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Proteins of Peanut. I 


Nitrogen Distribution in the Total Globulin in the PeanuL~The 
distribution of the nitrogen in the total globulin obtained from 
the peanut was found by Hausmann^s method as modified by 
Osborns and Harris. Results obtained on two different prepa- 
rations (a and b) are given below. The calculations were made 
on an ash- and moisture-free basis. 


N 

1 Preparatha a. 

fteparatioa 6. 

D 

II. 

Aver- 

age. 

I. 

n. 

Aver- 

age. 

Amide 

2.05 

2.10 




2.08 

Humin 




■oEn 


0.20 

Basic j 

5.29 

5.22 

5.25 

5.18 

5.25 

5.21 

Non-basic 

10.63 

10.59 

10.61 

10.78 

10,71 

10,75 

Total 

18.15 

18,15. 

18.15 

18.24 

18,24 

18.24 


Fractional Precipitation of the Globulins of the Peanut 

Isolation of Arachin, — ^An extract was made as previously de- 
scribed, using 500 gm. of peanut meal and 2.5 liters of a 10 per 
cent sodium chloride solution. To the clear filtrate solid ammo- 
nium sulfate was added gradually until the solution became 0.2 
saturated with this salt. A precipitate began to appear at 0.15 
of saturation and increased rapidly until 0.2 of saturation was 
reached, when precipitation practically ceased and did not occur 
again until much more ammonium sulfate was added. On al- 
lowing the 0.2 saturated solution to stand over night, the precipi- 
tate settled out in a very compact form so that the supernatant 
liquid could be easily decanted. The precipitate was washed 
with a 10 per cent sodium chloride solution containing ammonium 
sulfate to 0.2 of saturation. The residue was then redissolved 
in a small volume of 10 per cent sodium chloride, and the result- 
ing solution was filtered and dialyzed until chlorides were re- 
moved. In this manner the greater part of the globulin present 
in t\ie meal was obtained as a white powder. This was dried for 
analysis in the manner previously described. Three different 
preparations gave the following results. 















Preparation IL 

Preparation 12, 

Preparation 13. 


I. 

II. 

AUTf- 

ftRO. 


I. 

XL 

Aver- 

Ash- 

freo. 

I. 

11. 

Aver^ 

ftRo. 

Ash- 

freo. 

c 

21 

52.25 

52. IG 

52.51 

51.55 

51,53 

51.54 

51.86 


51.84 

51. 87 

52.16 

H 

laBm 

0,9S 

G.97 

■fUlM 

6.90 

6.81 

G.8S 

G.93 

6.95 

WSm 

6.87 

6.91 

N 

18,16 

18.12 

18.14 

1S.2G 

18.22 

18.27 

18.24 

18.37 

18.17 


18.17 

18.28 

S 1 




0.37 



0.4li 

0.4li 

0.44 


Miigg} 

0,44 

0,„.J 




21.84 


j 

j 

22.43 




22,21 

Ash,..| 


1 1 



0.62 


0,G2j 

i 

0.57 


0.57 



Distribuiion of the Nitrogen in Arachin, — ^The sample used for 
this experiment contained 18.28 per cent of nitrogen, calculated 
on an ash- and moisture-free basis. The results are given below. 


N 

I- 

n, ! 

Average. 

Amide 

2.06 

2,00 

2.03 

Humin 

0.23 

0.20 

0.22 

Basic 


4.96 

4,96 

Non-basic 


11,12 

11.07 

Total 


18.28 

18,28 


Isolation of Conarachin. — ^The filtrate from Preparation 12, 
from which arachin had been removed, as described above, and 
which was now 0.2 saturated with ammonium sulfate, was com- 
pletely saturated by adding more ammonium sulfate. This treat- 
ment produced a small quantity of precipitate. This was redis- 
solved in 10 per cent sodium chloride and the filtered solution 
dialyzed until free from chlorides. A small quantity of con- 
arachin, Preparation 14, was obtained. Another preparation of 
conarachin was made by dialyzing the filtrate from No. 13. This 
was designated No, 15. These preparations gave the following 
results on analysis. 



Preparation 14, 

Preparation IS. 


1. 

IX, 

Aver- 

Ash- 

free. 

X. 

ir. 

Aver- 

age. 

Ash- 

free. 

G 

■ ■■ 

cn 

to 

^EV^nTii 



Kt no 

CO 

f;i IQ 

H 






OX , Uu 

on 

ou .yy 

a oo 

Qx . xy 

N...... 

o.ou 

1ft OA 

O.OX 

to Oyt 

to nn 

u.o/ 

10 04 

U. # # 

10 1 o 

O.oy 

10 oo 

O.oo 

1C 17 

o.oo 

to O/t 

S 

0 

■g 



io.o4 

1,06 

Xo . xo 

1.12 


lo . li 

1.12 

Xo 

1.12 

99 

Ash.. 

iSjlH 



.ot 

A 07 


n Q7 





0,0^ 


u.o/ 


U,o/ , 
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A MODIFIED BENEDICT AND HITCHCOCK URIC ACID 
STANDARD SOLUTION. 


Br L. J. CURTMAN and FREED. 

(From the Harriman Research Laboratory j Roosevelt Hospitalf New York.) 

(Received for publication, October 17, 1916.) 

It was repeatedly observ^ed during the winter months in this 
laborator}^ that from the standard solution of uric acid prepared 
according to the directions of Benedict and Hitchcock/ crystals 
of uric acid would separate out within a week or two after its 
preparation, thus rendering the standard useless. It was sus- 
pected that the low temperature of our laboratory was respon- 
sible for the crystallization, particularly as a deposit of uric acid 
was noticed in the morning following an extremely cold night 
or after a period of moderately cold weather when the laboratory 
temperature during the night was considerably reduced. Even 
when a standard solution was kept in the hospital laboratory 
where the temperature during the greater part of the day was 
normal, it was foimd one morning following a cold night, that 
crystallization had set in. It is probable that many others have 
had a similar experience. It appears, therefore, that the uric 
acid standard proposed by Benedict and Hitchcock, however 
reliable in mild or warm weather, does not meet the require- 
nients for winter work. 

After a great many experiments, we have foimd that by the 
substitution of boric for acetic acid, a reliable standard is ob- 
tained which does not crystallize in cold weather. 


EXPERIMENTAL. 

As the quantity of acetic acid is probably the controlling fac- 
tor in causing the crystallization of uric acid, it was thought 

‘Benedict, S. R., and Hitchcock, E. H., J. Biol. Chem., 3915, xx, 623. 

89 


90 


Uric Acid Standard Solution 


that by diminishing the amount of acid, a stable standard would 
be obtained. To this end three standard solutions of uric acid 
were prepared following the directions of Benedict and Hitchcock, 
containing respectively 1.4, 1.3, and 1.2 cc. of glacial acetic 
acid. On the same day, to determine the most favorable amount 
of boric acid which could be substituted for the acetic acid, three 
other standard solutions of uric acid were prepared containing 
25, 37, and 50 cc., respectively, of 4 per cent boric acid in place 
of the acetic acid. The six standard solutions were kept in the 
laboratory and tested from time to time against a freshly pre- 
pared pyridine-uric acid solution made up in accordance with the 
directions supplied by Benedict and Hitchcock.^ According to 
these authors 1 cc. of the pyridine-uric acid solution, containing 
1 mg. of uric acid, is taken as a standard for comparison; while 
with their phosphate-uric acid solution, 5 cc., contaming 1 mg. 
of uric acid, are employed. Following the directions of Benedict 
and Hitchcock, we were unable to obtain uniformly concordant 
results when freshly prepared pyridine and phosphate solutions 
were compared. This we believe is due to the large error en- 
tailed in the use of a 1 cc. pipette. The use of a graduated 
Mohr pipette gave no better results than those given by the 
usual volumetric type. 

To minimize the error occasioned in measuring 1 cc. of a rela- 
tively strong solution, the following procedure was tried: By 
means of an accurate 10 cc. pipette, 10 cc. of the pyridine-uric 
acid solution were introduced into a 50 cc. volumetric flask and 
diluted to the mark. After thorough mixing, 5 cc. of the result- 
ing diluted solution, containing 1 mg. of uric acid, were com- 
pared with an equal volume of the phosphate-uric acid solution. 
The results compared favorably. We therefore adopted this 
method of dilution in all the experiments reported in this paper. 
The uric acid in the six solutions was determined colorimetrically 
in accordance with the directions given by Benedict and Hitch- 
cock. Extreme care was taken to keep the conditions as uniform 
as possible throughout the determinations. The following re- 
sults were obtained. 


* Benedict and Hitchcock, J, Biol Chem., 1915, xx, 622. 
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TABLE I. 

Solutions Prepared February B3, 1910, 


Standard uric acid eolutions. 


Time of testing. 

Containing acetic acid (B. and H.). 

1 Containing boric acid (C. and F.). 

1 

Acetic acid. { 

! 4 per cent boric acid. 

i 


1.2 cc. 

i- 

1.3 cc. 

i 

llljM 


37 CC. 

1 

60 cc. 

Peb. 24 

cc. 

19.8 

cc. 

19.7 

cc. 1' 

19.8 

cc. 

19,9 

cc. 

19.9 

cc. 

19.7 

“ 28 

19.7 

20.5* 

20.2* 

19.9 

19.9 

19.5 

Mar. 2 

21. 2t 

22. 5 1 

27. 8t 

19.9 

19.9 

19.9 

18...... .J 

19.9 

20.0 

19.9 

“ 27 




19.9 

20.0 

20.0 

Apr. 27 




19.9 

20.0 

20.2 

May 22 

23.0 

32.3 

52. 8t 

21.5 

21.3 

21.5 



* Slight deposit of uric acid was observed iu this solution, Feb. 29, 
t The standard solution contained a decided deposit of uric acid, 
t The solution vras so Tveak that the standard had to be set at 10. 


The above figures are the average of at least five well agree- 
ing readings and conclusively show that the phosphate-uric 
acid standard containing boric acid is superior in cold weather 
to that containing acetic acid. Analyses of the acetic acid stand- 
ards after March 2 were not regularly made because of the copious 
crystallization which had taken place in all of them. It was 
thought desirable, however, when the last run was made on the 
22nd, to determine the strength of the acetic acid standards for 
the purpose of ascertaining to what degree they had deteriorated. 
The determinations were made on 5 cc. portions of the clear 
supernatant solutions. The order of decomposition of the acetic 
acid standards as shown in the last figures is the same as that 
which is at once apparent in comparing the size of the uric acid 
precipitates on the bottom of the bottles. The colorimetric 
readings for the boric acid solutions show that they remained 
unchanged for 2 months and that at the end of 3 months a de- 
terioration of 5 per cent had taken place. We feel on the basis 
of the above results that we can recommend the phosphate 
standard containing boric acid as a reliable standard for the 
winter months. 
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To determine whether or not the boric acid standard would 
retain ite strength in warm weather, freshly prepared uric acid 
solutions containing boric and acetic acid respective!}' were kept 
in the laboratory during the summer months and analyzed at 
the time of preparation and again at the expiration of 2| months. 
The results showed that for warm weather the boric acid standard 
is decidedly inferior to the acetic acid standard. None of the 
uric acid solutions containing acetic acid showed any signs of 
crystallization. 

suaatARY. 

1. It has been shown that the Benedict and Hitchcock phos- 
phate-uric acid solution is unreliable as a standard for the de- 
termination of uric acid in cold weather, owing to its tendency to 
ciystaUize. 

2. By substituting boric for acetic acid, a standard was pre- 
pared which did not crj’stallize and showed no deterioration in 
2 months of cold weather. 

In conclusion, the authors wish to express their thanks to 
Dr. Isidor Greenwald of this laboratory for his interest and 
assistance. 



THE OCCURRENCE AND PHYSIOLOGICAL SIGNIFI- 
CANCE OF FLAVONE DERIVATIVES IN PLANTS. 

Br K. SHIBATA, I. NAGAI, and M. IOSHIDA. 

(From the Biochemical Laboratory of the Department, of Botany, Tokyo 
Imperial University.) 

Plate 1. 

(Received for publication, August 8, 1916.) 

INTBODtrCTION.‘ 

We owe to Willstatter and his collaborators, through their 
chemical investigations, definite evidence bearing upon the re- 
lationship between two classes of naturally occurring plant 
pigments, the anthocyanins and the yellow substances which 
are of the flavone or flavonol class. It has been established by 
them^ that cyanidin from the corn flower is in reality a reduction 
product of quercetin, which is already known as one of the syn- 
thetic flavonols. The reaction is expressed in the following 
equation: 


‘ See also the followiDg papers iShibata, K., Bol. Magazine (Tokyo), 1915, 
xxix, 118. Shibata, K., and Kishida, M., ibid., 1915, xxix, 301. Shibata, 
K., and Nagai, I., ibid., 1915, xxx, 149. For the detailed account and bibli- 
ography the reader should refer to the original papers. 

* VVillstatter, R., and Mallison, H., Sitzungsber. Prens. Akad. ITtss., 
1914, xxix, 769. 
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Flavone Derivatives in Plants 




Cyanidin chloride. 


^rther investigations, extended to other anthocyam'ns iso- 
lated from different flowers and fruits, definitely established 
the molecular structures of these pigments. The anthocyanins 
are now understood to occur in plants as glucosides, of which 
tlie color-bearmg components (anthocyanidins) are the reduction 
products of flavonols and the combined sugar is either glucose 
or galactose. Thus by hydrolysis, cyanin, the anthocyanin 
pi^ent from the corn flower, yields one molecule of cyanidin 
and two molecules of glucose; hkewise idaein, the pigment of 
the cranberry , yields one molecule of cyanidin and one molecule 
of galactose. 

Previously , Everest has shown that flavone <ind flavonol 
glucosides, which are contained in the extract from the yellow 
flower, produce the anthocyanin-like red substance by reduction 
without removal (hydrolysis) of the combined sugar. 

Tins chemical evidence has led us to undertake a series of 


investigations on the physiological and biological significance 
of these substances in plants. The evidence, brought forward 
establishes a somewhat unexpected fact; namely, the flavone 
derivatives are one of the cell contents of very common occur- 
,rence in the plant kingdom, in fact, they are quite as comraon 
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as chlorophyll, tannins, carotinoids, sugars, starches, and pro- 
teins. Flavone derivatives are found not only in the 3^eIlow 
coloring matter, as in the cases already reported, but also in the 
cell sap of the epidermis and the underlying tissue of plants in 
general. 

The Formation of Anihocyanin in the Flower of Dicrvilla and Others, 

Our attention 'was at first directed to the formation of the 
anthocyanin pigment in the flower of Dicrvilla grandijlora S Z, a 
flowering shrub commonly found in fields and gardens in our 
vicinity. A characteristic feature of this flower is a rapid for- 
mation of red color. The corolla is snow-white at the time of 
blooming, but it is tinged gradually with pale rose color, and at the 
end of the day of blooming the corolla is completely changed to a 
beautiful rose color. Thus a cluster of flowers on a single branch 
shows a gradation of color from white to deep rose, according 
to the age of the flower. A microscopic e.vamination of a colored 
corolla reveals the fact that the deeply colored pigment occurs 
as a number of round droplets of different sizes imbedded in 
the paler colored cell sap of the epidermal cells. In the white 
corolla, however, none of them are observed. 

A rapid formation of anthocyanin in the white Dicrvilla flower 
naturally suggests the possibility that the mother substance of 
the red pigment (chromogen) may be present in the white flower. 
The above assumption is justified by the fact that the colorless 
alcoholic extract from the white Diervilla flower produces purple- 
red anthocyanin solution by reduction. The method of reduc- 
tion used is as follows: 

5 to 10 cc. of the alcoholic extract, prepared by heating the 
white flower with alcohol, are acidified by an addition of five 
to ten drops of concentrated hydrochloric acid. A few cc. of 
the mixture are received in a test-tube with a drop of mercury 
the size of a pea, and a small amount of magnesium powder. 
Reduction takes place with a vigorous generation of hydrogen 
gas whereby the mixture becomes beautifully colored. 

The red pigment thus produced from the colorless extract 
of the white flower of Dicrvilla is stable in acid solution and sol- 
uble in water and in alcohol. The chemical behavior and the 
absorption spectra of the pigment produced are the same as 
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those of the anthocyanin pigment extracted from the naturally 
colored corolla. Further, a white corolla gives a deep yellow 
color on exposure to ammoniacal vapor.^ It is established, 
therefore, that the chromogen substance occurs in the white 
flower of Diervilla as a flavonol glucoside and that the production 
of anthocyanin is performed by the reduction of the same^ 

It is possible to detect the presence of flavones from the vari« 
ous parts of the plant by means of the reduction test^ due to the 
production of the red color of the extract by reduction, together 
with an additional ammoniacal test, due to the production of 
yellow color as mentioned above. The reduction test can be 
performed in such a manner as to make a rough quantitative 
determination of the flavone content by comparing the depth 
of reduction color of the extract of known amount, with the 
standard color solutions. 

By these two methods we have found that almost all kinds of 
white flowers, including the lily, daisy, foxglove, dahlia, petunia, 
primrose, phlox, iris, opuntia, tobacco, and pansy, contain fla- 
vone or flavonol glucosides. Only in a small number of plants 
is a complete absence of chromogen proved; for example, in the 
white corn flower {Centaurea cyanus), oxalis {Oxalis violacea), 
pink {Dianihus caryophyllus)^ and pelargonium {Pelargonium 
cucullatum),^ 


*Wheldale, M., J. GeneixcSj 1914, iv, 113. 

^ No other organdc compounds examined, such as carbohydrates, glu- 
cosides, phenols, tannins, amines, ureides, amino-acids, polypeptides, 
proteins, nucleins, etc., give similar reduction color. 

5 With reference to flavones, several types of white flowers can be con- 
sidered. (1) Those which contain no flavones (absence of chromogen). 
(2) Those containing such a class of flavones as chrysin (dihydroxyfiavone), 
which produces no red but only a yellow color by reduction. (3) Those 
containing a class of flavones which produce only an oranga-red but not 
a true anthocyanin color by reduction. (4) Those which contain a class 
of fiavonols which produce a red anthocyanin color by reduction. (51 
Those which contain a mixture of dififerent classes of flavones and flavonols. 
(Compare page 100.) This relationship seems to be of considerable im- 
portance in the genetic studies of flower color. Two types are known to 
occur among the white flowers which differ in their genetic behavior wne 
thev are crossed with colored types. They are classified by g^netis 
as "dominant white” and “recessive white ” It seems 
these genetic relations can be rendered in chemical terms by 
studies of genetists and chemists in the future. 
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The presence of flavone derivatives is proved in other parts 
of the floral organs; z.c., cal3% stamens, style, ovule, bracts, 
etc., and also in the vegetative organs; i,e,, leaves, shoots, etc., 
as has already been mentioned. The occurrence of flavones 
in the green leaves can be proved in a simple manner. 1 to 2 
gm. of fresh or dried material are cut up in small pieces and the 
extraction is made either by hot alcohol or boiling water. In 
the case of fresh material water is used, but in the case of dried 
material, hot alcohol is always preferable. In the latter case, 
the extracted chlorophyll does not generally interfere with the 
reaction, being itself readily reduced to an almost colorless pro- 
duct. If necessary, however, it can first be removed from the 
extract by shaking with petroleum ether. The reduction of 
the extract is carried out as described above.^ In this way 
positive proof of the occurrence of flavone derivatives is obtained 
in the frond of marine algae {Dictyota dichotoma and some other 
brown algae), in the thallus of mosses, in the leaves and shoots 
of ferns, cycads, conifers, angzosperms, even in the scales of the 
winter buds, and in the resinous excretions on the surface of 
the bud scales of the poplar, horse-chestnut, alder, rhododendron, 
etc. 

The Physiological Significance of the Flavone Derivatives in Plants. 

The question now arises as to the physiological and biological 
significance attached to the flavone derivatives which are, by 
the present studies, proved to be substances of common occur- 
rence in the plant tissue. In view of the fact that the presence 
of those substances is localized chiefly in the epidermis and in 
the peripheral layer of the tissue of the aerial part of the plant, 
and further, that plants grown in the shade or under a glass 
covering contain but small amounts, it seems that at least one 


® The result we obtained does not agree with that of Everest (Proc. 

Soc.f Series S, 1914, Ixxxvii, 450). He states, ''This method (t.e., 
reduction by magnesium and hydrochloric acid) was of no value when 
working with crude plant extracts, as alcoholic extracts contained so much 
extraneous matter that the results were masked.” His failure is due to 
the absence of mercury in the mixture, the use of this catalyzing agent 
eing essential, as it was found, in carrying out the reduction test. 
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of the important functions of these substances might be related 
to the action of the sunlight. 

It is shown that a solution of quercitrin (a flavonol glucoside) 
and apigenin (trioxyflavone) greatly diluted absorbs the ultra- 
violet region of the iron arc light almost completelj'', as shown 
in Figs. 1 and 2. 

The above described absorption spectra of the dilute solutions 
of chemically pure flavone derivatives seem to show that the 
function of the flavone glucoside dissolved in the cell sap is to 
protect the living protoplasm and the important biochemical 
agents involved from the injurious action of the ultra-violet 
rays of sunlight by absorbing them at the peripheral layer of 
the plant organism. 

Another possible significance of the flavone derivatives is 
the r61e they play in the respiration processes of plants. Re- 
membering the peculiar chemical behavior of the substances 
resulting from the addition capacity of the pyrone oxygen, their 
function as hjqDothetical acceptor in Palladin’s respiration scheme 
seems very suggestive. 

The plausibility of the assumed function of flavone derivative^ 
in plants as the chemical ray filter is amply proved. Plants 
in a sunny habitat are always richer in Bavones than those grow- 
ing in the shade. The aquatic plants^ for example, Nelumbo, 
Nuphar, Nymphcea, Trapa, etc., which are exposed to direct and 
reflected sunlight over the surface of water, are especially rich 
in flavones. They occur abundantly in the aerial parts and m 
the case of the floating leaves only in the upper epidermis, while 
in the submerged and underground portions, only a trace is 
detected. Furthermore, an extensive observation of the flora 
of alpine and tropical regions has given us very positive evidence 
of this. In those regions, the insolation is much more intense 
than in the lower' or temperate regions^ and the majority of the 
plants grown under such an environment are extraordinarily 
rich in flavones. 


f According to Violle (cited inC. Schroeter’s DasPflanzenleben 
7rmch 1904) the amount of insolation, calorimetrically measured, is / 
L wnt stronger at the summit of Mont Blanc (4,810 meters) than in Par 
C T)om (Studie uber Licht u. Luft d. Hochgebirges, 1911, j 

mS t 1912, XX, 64) observed a seasonal change m the amount of 
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Before entering into a discussion of this subject the method 
adopted for the comparative determination of the flavone con- 
tent in the different plant material may be mentioned. Flavones 
are not lost appreciably if the drying is done quicHy, so that 
the determination can be made with a small amount of any 
well preserved herbarium material, even that which has been 
kept for a number of years. 

The extraction from the dried material is usually made by 
means of twenty parts of warm alcohol. To 4 cc. of the extract 
so prepared 1 cc. of 30 per cent hydrochloric acid is added, and 
the mixture is reduced by means of a drop of mercury and mag- 
nesium powder, which is added little by little to the mixture 
till no more color is developed. The intensity of color thus pro- 
duced by reduction (anthocyanin) is compared with that of 
standard solutions, and the amount of flavone contained in the 
extract is thus determined. The standard solutions are pro- 
vided by the alcoholic solutions of chemically pure flavones or 
flavonols of known concentration which are reduced in the same 
manner, as described elsewhere. The grades of color provided 
in the standard solutions are as follows: 


Concentration of flavone. 

Color scale. 

1 

1,000 

r 

1 

2,000 

II 

1 

3,000' 

III 

1 

5,000 

IV 

1 

10,000 

V 

1 

20,000 

VI 


ultra-violet rays of the sunlight in Davos (1,560 meters), Switzerland. 
In winter and spring, the amount is very low and suddenly rises in May. 
The maximum is reached in the mouths of July and August, and a sudden 
fall occurs in September. The growing season of the alpine plants, there- 
fore, is in the months of maximum intensity of chemical sunlight in the 
year. 

* Data given by H. E. Roscoe (Phil. Tr.^ 1867, cl vii, 655) show that the 
chemical intensity of total daylight at Par^ in 3 days in the month of April 
(1866) is about twenty times stronger than that at Kew. Even the in- 
tensity at Par& in April is still- three and one-third times stronger than 
that at Kew in August, 
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The reduction color of different members in the flavone or 
flavonol series is by no means the same. In general the color 
produced by the flavone class is orange-red, whereas that pro- 
duced by the flavonol class is red to violet-red. The reduction 
product of the various plant extracts also gives both types of 
color. Two sets of standard colors, therefore, are prepared from 
apigenin (A) and quercetin (Q) to make the comparison more 
exact. 

The reduction colors produced by the alcoholic solution of 
different flavones and flavonols are as follows: 


Substance.* Reduction colors. 

Flavonols. 

Myricetin (1, 3, 3', 4', 5 -Pentabydroxyflavonol) Magenta. 

Quercetin (1, 3, 3', 4 -Tetrahydroxyflavonol) Scarlet red. 

Isorhamnetin (1, 3, 4 -Trihydroxy-3 -methoxy- 

fiavonol) “ 

Morin (I, 3, 2', 4 -Tetrahydroxyflavonol) “ 

Fisetin (3, 3', 4''-TrihydroxyflavonoI) YelloTvish 

Fukugetin (?) " '' 

Kaempferol (1, 3, 4'-Trihydroxyflavonol) Scarlet (more 

y e 1 1 o w i sh 
than querce- 
tin). 

Flavonol glucosides. 

Myricitrin Same as myricetin (or more bluish). 


Quercitrin Crimson. 

Rutin 

Flavones. 

Luteolin (Ij 3, 3', 4'-Tetrahydroxj"flavone) Reddish orange. 

Apigenin (1, 3^ 4-Trihydroxyflavone) Orange. 

Chrysin (1, 3-Dihydroxyflavone) Golden yellow. 

Flavone glucosides. 

Yellowish orange. 

Toringiir Borne as chrysin. 


9 The positions of substitutions in the flavone formula are designated 
as follows: 
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It is thus seen that the production of red color by reduction 
in flavones and flavonols is greatly influenced not only by the 
presence of the hydroxyl group in the benzo-pyrone nucleus, 
but also b}’' the number and position of the hydroxyl groups in 
the side (fi-) phenyl group. Thus myricetin, 


0 OH 



OH CO 


which contains the largest number of auxochrome hydroxyl 
groups, produces the deepest red color, tending to a bluish hue. 
On the other hand, a dihydroxyflavone, chrysin. 


0 



OH CO 


which contains no hydroxyl group in the ^-phenyl group, pro- 
duces only a golden yellow and no red color by reduction. 

Materials were collected at Mt, Shirouma (2,933 meters) 
in early August, 1915. They included eighty-three species of 
the alpine flora of the mountains of central Japan known as the 
Japanese Alps. All were foimd to contain flavones, a majority 
showing a very high content in the floral as well as in the vegeta- 
tive parts. By classifying the plants according to the intensity 
of the flavone reaction, the following figures are obtained. 


Flavone content in the color scale. 

1 

1 Flower. 

Shoots and 
leaves. 

1 Total. 

I-II 

1 per cent 

30 (93.8) 

1 (3.1) 

1 (3.1) 

1 per cent 

45 (57.7) 

23 (29.5) 

10 (12.8) 

[ per rent 

75 (68.2) 
24 (21.8) 
11 (10) 

III-IV 

V 


! 

-j 

32 ] 

78 

110 


Among those which are classed 
in the color scale the following^ 
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Leaf, 

Alnu^ vxridis var. sibirica * . , . . I 

Astragalxis membranaceus var. obfusits... .+-f I Q 

Hedysarum esculentxim IQ 

Polygonum bhtoria IQ 

Rhododendron hrachycarpum IQ 

chrysanthum +IQ 

Vaccinium viiis-idcca -f-I Q 

Acer partnflorum HQ 

Alchemilla vulgaris I—II Q 

Flower. 

Acer spicaium var, uhurunduense ++I Q 

Aconilum pallidum -f I Q 

Alsine vema var. borealis I 

Anemone nardssiflora IQ 

Cnidium ajanense ++1 Q 

Dryas octopetala ++1 Q 

Geum anemonoides -f+IQ 

Hedysarum esculenium ++I Q 

Sorhus aucuparia “flQ 


Owing to the fact that the alpine flowers are rich in flavone, 
the reaction to ammonia is extraordinarily sensitive. One of 
the writers observed on Mt. Shirouma that a sprinkle of only a 
few cc. of ammonia instantly changed every one of the white 
flowers of Geum anemonoides which were within a circle of a 
half meter to an intense yellow color which remained unchanged 
for 2 or 3 days. 

The leaves of a pine species {Pinus pumila) which grows in 
a high altitude (Mt. Shirouma, at 2,700 meters) are highly rich 
in flavone, but those of the allied species grown in a lower altitude 
(Tokyo Botanical Garden) contain it only in a small amount. 
An analogous case is observed in the leaf of the cowberry (Vac- 
cinium vitis-idce) and others. 

The investigation was extended to the plants of the 
Alps (St. Gothard, Pilatus, and Rigi), the material being ob- 
tained from the herbarium collected by Professor Asahina m 
1909 to 1911- All of twenty-two species examined give positive 
results. It is of interest to note that the silvery hair of a welJ 


10 0: The leduction color corresponds to that of pure quercetin, 
u The reduction color corresponds to that of pure apigeni . 
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known alpine plants Leoniopodium alpinum {Edelweiss) is very- 
rich in flavone. An exposure to ammoniacal vapor produces 
at once a deep yellow color and the alcoholic extract gives a 
beautiful reduction color. These reactions can be observed 
even with material which has been thoroughly dried and kept 
for many years. The biological significance of the pubescence 
of the plant, formally interpreted, is that it serves to protect 
the plant from excessive transpiration, but considering the evi- 
dence at hand, it seems more probable to regard it as the chemical 
ray filter of the intense insolation in the alpine region . 

In closing, a word may be given to an experiment in acclimati- 
zation. Kemer (1876)^- sowed the seed of Satureja horlensis and 
Linum usitatissimum in his garden, near Kuppe des Blasers 
(2,195 meters) in Tirol. The seedlings of the former grew vigor- 
ously, but those of the latter were killed shortly after the germ- 
ination by the intense sunlight of the high altitude. His in- 
terpretation of the phenomenon was that the anthocyanin 
pigment produced by the former protects the chlorophyll from 
the excessive insolation, so that the young plant is able to develop. 
We have examined a green specimen of Satureja from Lugano 
and found it rich in flavone. Kemer's observation can now be 
more adequately explained by our theory. 

The Relation of Autumnal Color and the Flavone Content in Foliage. 

In this part the relation of the autumnal coloration and the 
flavone content in the leaves of deciduous trees of mountain 
forests is studied. The material was collected in September, 
just before the leaves became tinged, in the mountain region of 
Nikko'^ where the autumnal coloring is very marked. The result 
of the investigation shows that flavones are already present in 
a sufficient amount in the green leaves (occurring mostly in the 
epidermal to the palisade cells) to produce anthocyanin in a 
later season of the year. The formation of anthocyanin is, 
therefore, a simple biochemical reaction; i.e., a reduction of al- 
ready existing flavones, initiated by the physiological changes 
in the living tissue at the end of the growing season. 

“Kerner, A. J. v., Pfianzenleben, Leipsic, 1896, i, 379. 

The altitude of the region varies from 650 meters (Nikko Botanical 
Garden) to 1,543 meters (Yumoto). 
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The leaves of a plant of high flavone content, however, do 
not necessarily show the autumnal color. In such cases, flavones 
disappear from the falling leaves which give no indication of 
anthocyanin formation.^^ 

The plants examined number forty-two species, including 
genus Acer, Beiula, Enkianihus, Fagus, Quercus, Prunus, Sorbus, 
Viburnum, 


The Flavone Content of Tropical Plants, 

The tropical flora form another group of plants which grow 
in an intensity of light as great as that of high altitude. We have 
examined a large number of tropical and subtropical plants 
which are cultivated or gi’own in the wilds of Formosa.^® Mate- 
rial was collected in the latter part of January, 1916, the larger 
part being studied in a fresh condition at the chemical labora- 
tory of the Research Institute of the Formosan Government 
at Taihoku. The remainder was dried and brought to Tokyo 
where further work was done. 

We have also examined the flavone content of the insular 
flora of Micronesia (including the Island Yap, Jaliut, Saipan, 
and Truk)'^ with the herbarium material which was coliecfed 
by Dr. Koidzumi in the winter of 1914 to 1915. The result 
of the investigation shows the following: 


Flavono content in the scale 
of reduction color. 

j Number of plants 

Prom Formosa 


Northern 

Southern. 

Total 


per cent 

per cent 

per cent 

! percent 

I-II 

48 (34.3) 

25 (42.4) 

73 (36.7) 


m-iv 

44 (31.4) 

16 (27.1) 

sm 


v-vi 

33 (23.6) 

12 (20.3) 

m&m 


Below 

15 (10.7) 



■ISH 


140 


199 

80 


The decomposition products of flavones are very likely to be earned 
off from the leaves and stored up elseivhere, probably being converte 

^^wThr^siand of Formosa and the Pescadores Islands lie between 21 
«. » K., ..d lix- 8' »d E The no-tb.,. h-lf 

S the island is subtropical, the southern more nearly tropical^ 

» The Micronesian Islands lie between the equator and 20 
tween 130” and 173° E. The climate m typically insular and tropica 
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By classifying the above figures according to the part of the 
plant in which the flavone content is determined, the following 
table is obtained. 


Flavone content. 

Part examined. 

1 Lca\*C3. 





Total. 

I 

46 

1 1 

1 i 

2 

1 

51 

II 

C5 

I 


1 

i 

69 

Ill 

35 


1 

1 

2 


37 

lY. 

30 

3 i 

mm 

2 


36 

Y 

27 

2 1 

■i 

1 

1 

31 

VI 

29 



1 


31 

Below 

17 

2 

H 

3 

2 

24 


249 


6 

12 

4 

279 


The total number of plants examined embraces 242 species, 
extending to 64 families and 190 genera. They include mosses, 
ferns, grasses, conifers, palms, and many species of angiosperms, 
and from the ecological standpoint they include epiphyte, para- 
site, xerophyte, hydrophyte, halophyte, carnivorous plants, and 
others. Examples of the tropical plants which are of high flavone 
content are: 


Palms with few exceptions, f.e., 

Caryota urens I A 

Cocos nucifera II A 

Corypka australis II A 

Elasis guinensis II A 

Phcmix hanceana I A 

Most of the legumes, such as, 

Adenanthera pavonina IQ 

Cccsalpinia bonducella I A 

Tamarindus indica +II A 

Pitkecolohium dulce IQ 

The mangroves, 

Bruguiera cylindrica IQ 

Rhizophora mucronata II A 

Some of the tropical cultivated plants, such as, 

Erytkroxylum coca (coca tree) IQ 

Coffea arabica (coffee tree) II A 

Bixa Orellana II Q 

Ctnnamomwmcamp/iora (camphor tree). Ill Q 
Canca papaya II A 
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Ricimis communis (castor oil plant). .. II Q 


Terminalia chehula IQ 

Nepenthes phyllamphora -f-fl Q 

Diospyros criantha I A 

Pistacia formosana -f-I Q 


Palms and mangroves constitute perhaps the most t3rpical 
form of tropical vegetation which thrives well in the habitat of 
extreme simshine. As already mentioned, the leaves of these 
two groups of plants, the bark of the aerial root (Bruguiera cylin- 
drica) and the respiratory root [Avicennia officinalis) of the latter 
show a very high flavone content, while Didymosperma Engleri 
(a palm), Asplenium nidus (an epiphytic fern), Alocasia cucullaia 
and others which are found in shady woodlands, show a very 
low flavone content- In another group of plants, a similar case 
is foimd, in spite of the fact that they are grown in a very sunny 
habitat. Some of the fiber-yielding plants (Agave viviparaj 
Fourcroya gigantea etc.) and others may be mentioned as exam- 
ples. Scarcity of flavone in these plants may be due to the fact 
that their epidermis is covered by a well developed cuticular 
layer^’^ which may serve, somewhat in a similar mann.Tr as the 
dissolved flavone in the cell sap of the epidermis, to extenuate 
the action of ultra-violet rays. 

A type of leaf which possesses a thick cuticula in the epidermis, 
such as Ficus elasiica (India rubber), Artocarpus indica (Bread 
tree), etc., is usually low in flavone content. 

It is of some interest to note that a species of the tropical 
mistletoe (Viscum liquidamhericolum) is very rich in flavone* 
The reduction color produced by the extract is a deep magenta 
red, while a common mistletoe (Viscum album), collected at 
Tokyo in winter, contains almost no flavone. 

It is observed in many of the tropical plants that when they 
are cultivated continuously throughout the year in the green- 
house in the temperate zone, their flavone content is consider- 
ably diminished. In this connection, it is almost superfluous 
to mention that the glass covering of the greenhouse almost com- 
pletely absorbs the ultra-violet rays of the sunlight. ^ ^ 

^ The biological significance of the dissolved flavone derivatives 
in the cell sap of epidermis in tropical plants may be considered 

uEluyTrer, A. J., Siizungsher. Ahad, Wien, 1911. 
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as somewhat analogous to that of the pigment in the skin of the 
inhabitants of the tropics. 

In conclusion, it must be stated that the flavones are the pri- 
mary product of plant metabolism. They are formed in the 
germinating seed, growing shoot, etc., upon exposure to day- 
light. The dependence of the flavone formation upon sunlight 
can be illustrated in the case of the onion bulb. The inner 
fleshy leaf scales of the onion bulb, when kept in the dark, contain 
onlj*^ a trace of flavone, but on exposing them to strong illumina- 
tion for a few days, a considerable amount of flavone is formed 
in the peripheral tissue layers. 

SOTIltABY. 

1. A general occurrence of flavone derivatives in the plant 
kingdom is established. 

2. The occurrence of flavone derivatives in plants is almost 
exclusively limited to the epidermis and the peripheral paren- 
chymatous layer of the aerial parts with few exceptions on record, 
in which a considerable amount is also found in the bark and 
the wood, such as in Myrica rubra, Quercus tinctoria, Morus 
iindoria, etc. 

3. The amoimt of flavone derivatives contained in the plant 
tissue can be measured colorimetrically by means ot comparing 
the intensity of reduction color (anthocyanin) produced by an 
aqueous or alcoholic extract from the fresh as well as from pre- 
served herbarium (dried) material. 

4. It assumed that flavone derivatives dissolved in the cell 
sap possess an important physiological significance in absorb- 
ing ultra-violet rays of the sunlight, by which the living proto- 
plasm and its biochemical agencies are protected from the injuri- 
ous action of the rays. 

6. The plausibility of the above assumption is justified by 
the results of extensive studies made on plants from alpine and 
tropical regions where the intensity of the rays considered is 
high. The plants which are grown m strong insolation are al- 
ways rich in flavones, except those which are fully protected 
from the action of the excessive illumination by some means of 
a morphological and anatomical nature. 
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6. The green leaves of deciduous trees, which produce antho- 
cj'^anin pigment in autumn, contain a considerable amount of 
flavones. The production of autumnal color (anthocyanin) is 
due to the biochemical change; i.e., the reduction of already exist- 
ing flavones in the leaf, initiated by the physiological condition 
at the end of the growing season of the year, without having 
special ecological significance. 
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The use of copper salts for precipitating proteins which can 
not otherwise be easily brought to separate from aqueous solu- 
tions was first employed by Ritthausen,^ who also attempted to 
determine the composition of the copper compounds prepared 
from several vegetable proteins. He later developed a method 
for analyzing milk in which the proteins were separated as cop- 
per compounds. During subsequent years several attempts 
were made by others to obtain definite compounds of proteins 
with copper and other metals, but as the methods employed 
were wholly different from those of the experiments here de- 
scribed they need not be referred to further. 

Since the nutritive value of the proteins of the various animal 
and vegetable products that are used as food for men and ani- 
mals is now known to depend so largely on the relative propor- 
tions of the amino-acids yielded by them on hydrolysis, and since 
a combination of these food products which will yield the opti- 
mal proportion of the essential amino-acids should prove to be 
the most economical in use, it has become important to know 
the amino-acid make-up of the total protein contained in the 
more widely used food products. Attempts to gain such in- 
formation have been made by subjecting the products of hydroly- 
sis of the entire food products to analysis by the Van Slyke method, 
but the results in most cases have been unsatisfactory ,2 chiefly 

* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

^ Ritthausen, H., prakL Chem.j 1872, v, 215. Ritthausen, H-, and Pott, 
R., ibid., 1873, vii, 361. Ritthausen, ibid,t 1877, xv, 329. 

^Grindley, H. S., and Slater, M. E., J. Am. Chem. Soc., 1915, xxxvii, 
2762. Hart, E. B., and Bentley, W. H., /. Biol Chem., 1915, xxii, 477. 
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because such a large proportion of the products of hydrolysis 
of non-protein substances are also present, especially among those 
obtained from vegetable foods. 

Inasmuch as nearly all of the nitrogen can be extracted from 
most food products by means of dilute alkalies, it seemed pos- 
sible that by applying Ritthausen^s method practically all of 
the protein thus extracted could be precipitated as copper com- 
pounds, and that these precipitates would afford a more suit- 
able material for a Study of their amino-acid constituents than 
does the entire food product. Ritthausen added solutions of 
copper sulfate and potassium hydroxide alternately to the solu- 
tion containing the protein imtil a sample of the precipitate 
produced failed to dissolve completely in an excess of the alkali. 
The deep blue precipitate was washed by decantation, dissolved 
in a very slight excess of alkali, the solution filtered, and the 
protein copper compound reprecipitated by neutralizing with 
%n acid. Ritthausen regarded such copper compounds of most 
proteins as wholly insoluble in water, but stated that some of 
ihose formed by proteins which were themselves soluble in water 
vere decomposed on washing, a part of the protein going again 
nto solution. He also concluded that the protein entered hito 
jombination with the copper without suffering any change, and 
as proof of this offered analyses of numerous preparations which, 
when calculated ash-free, agreed closely in iiltimate composition 
with the original preparation from which they were derived. 
He especially emphasized the fact that no loss of nitrogen occurred, 
even when the protein had been dissolved for many hours in 
dilute alkali. 

From Ritthausen's papers no definite conclusions can be drawn 
in respect to many points which should be clearly established 
if this process is to be used for isolating proteins from extracts 
of animal or vegetable origin, or for separating them from other 
nitrogenous substances. It is probably for this reason that Stut- 
zer’s method^ has been generally used for this purpose, since m 
describing it he directed attention especially to the completeness 
ol the precipitation of the protein and the failure of non-proteia 
substances to be precipitated also, even though these m the 
pure state form quite insoluble copper compounds. 

A., /. Landw., 18S1, xxix, 473; also Landw. Versuchsslal.. 
1882, xxv'u, 323. 
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For the purpose of obtaining relatively large quantities of 
copper protein compounds, containing all of the protein present 
in an extract, it seemed that such could be produced better by 
liberating the copper hydroxide in the presence of the protein 
according to Ritthausen’s method rather than by Stutzer’s meth- 
od, according to which the copper liydroxide is suspended in 
the solution and the reaction completed by heating on a water 
bath. 


EXPERIMENTAL. 

As a first step in determining the reaction between copper sulfate and 
an alkaline solution of a protein, we prepared decinorraal solutions of 
sodium hydroxide and of copper sulfate with freshly boiled water and ti- 
trated^ them against one another. To 40 cc. of boiled water 10 cc. of 0.1 n 
C uSOi were added and then measured quantities of the alkali. With 0.6 
cc. a permanent precipitate began to form which increased in amount 
until 7-3 cc. had been added. The solution had then become neutral to 
litmus, and when filtered was shown by hydrogen sulfide to contain only 
a trace of copper. With 7.5 cc. the reaction was still neutral and no cop- 
per was dissolved. An alkaline reaction was not shown until 9.5 cc. had 
been added. It is evident that an insoluble basic salt is thus formed which 
reacts promptly with the alkali until a nearly complete normal reaction 
is attained. The formation of a basic salt is also indicated by the color 
of the precipitate produced by less than 7.3 cc. of the alkali, for this was 
very much paler than the deep blue precipitate formed when 10 cc. of the 
alkali were added. 

When the mixture was made in the reversed order evidence of the for- 
mation of a basic salt was likewise obtained, for when 9 cc. of the copper 
solution were added to 10 cc. of the soda solution the reaction was strongly 
alkaline; with 9.5 cc. it was distinctly alkaline, but with 10 cc. it was 
neutral to litmus and contained no dissolved copper; with 12 cc. it was 
likewise neutral to litmus, no copper being dissolved. With 13 cc. the 
reaction was still neutral, and only a slight trace of copper soluble. We 
thus find that 7.4 cc. of the soda solution precipitate all of the copper 
from 10 cc. of the copper sulfate, whereas 13 cc. of the copper solution 
can be added to 10 cc. of the alkali before evidence of copper appears in 
the filtrate. The basic copper salt is formed to about the same extent 
under the two conditions of precipitation for 7.4 : 10 : : 10 : 13.5. 

A solution of edestin was nmde by suspending 2 gm. of a veiy 
pure preparation of air-dry edestin in 100 cc. of freshly boiled 
water and then adding 100 cc. of 0.1 n NaOH solution. Nitrogen 
was determined in 10 cc., 0.0166 gm. being found, equal to 0.0893 
Sni. of edestin (N X 5.38). This solution of edestin contained 
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alkali equal to 0.05 N NaOH; hence 10 cc. would require 5 cc. of 
the 0.1 N CuSO^ for a complete reaction. The freshly prepared 
alkaline edestin solution required 4.9 cc. of 0.1 n HCl for neutral- 
ization to phenolphthalein. The acidity of the dissolved edestin 
was therefore equal to 0.1 cc. of 0.1 N HCl. 


Tilralion of the Alkaline Edestin Solution with Copper Sulfate Solution. 
40 Cc. HiO -f 10 Cc. 0.0B n NaOH + Edestin. 


oa N CuSOi. 

Reaction. 

Reaction to 
litmus. 

cc. 

+0.1 

Biuret color begins. 

Alkaline. 

+3.9 

Violet-blue. 

« 

+4.4 

Deep blue. Trace of ppt. Solution clear 

It 

+4.6 

up to this point. 

More ppt. 

Slightly al- 

+4.8 

« tt 

kaline. 

tt 

+4.9 

U 

it 

+5.0 

Precipitation not quite complete, ppt. 

Neutral. 

+5.1 

, wholly soluble in excess NaOBt. 
precipitation complete. 

ti 

+5.5 

In solution Cu none,N 0.0002 gm. 

« (c « << „ 0.0002 “ 

« 

+5.8 

// « « // « 0.0002 " 

tt 

+6.0 

« « <c « » 0.0002 " 

« 

+6.5 

trace « 0.0002 

tt 

+7.0 

“ “ “ slight trace, N 0.0002 gm. 


+7.5 

“ “ more, N 0.0002 gm. 


+8.0 

a « « « 0.0002 " 



After standing for 14 days, at about 20°, tightly stoppered 
and protected by toluene, the solution was giving off ammonia. 
The edestin was precipitated with 5.4 cc. 0.1 n CuS 04 . The 
filtrate from the edestin copper contained a trace of copper and 
0.0020 gm. of nitrogen. The original solution contained 0.0166 
gm. of nitrogen in 10 cc.; hence the alkali had split 12 per cent 
of the nitrogen from the edestin during 14 days. When com- 
pletely hydrolyzed by boiling with acids, edestin yields 10 per 
cent of its nitrogen as ammonia. It thus appears that when 
edestin loses amide nitrogen a product remains which is as com- 
pletely precipitated by copper salts as is the unaltered edestm. 
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The above data show tliat when 5.1 cc. of 0.1 N CUSO4 had 
been added the solution contained only 0.0002 gm. of nitrogen; 
hence 9S.S per cent of all of the nitrogen had been precipitated. 
It will be noted that no precipitate began to appear until 4.4 cc. 
of 0.1 N CuSOi had been added, and that the biuret color, which 
with 3.9 cc. had assumed a strong blue tint, with 4.4 cc. changed 
to a deep blue, similar to that of an ammoniacal copper solution, 
but much less intense. Beyond tliis point the precipitate in- 
creased in amount as further additions of the copper solution 
were made, until wdth 0-1 cc. above the quantity required for 
a complete reaction all of the edestin, as well as the copper, had 
been precipitated. It thus appears that the edestin copper is 
as good as insoluble in water, for the trace of nitrogen in the 
filtrate is doubtless ammonia split from the edestin by the alkali 
(see p. 112). 

It is to be noted further that an excess of 0.1 n CuSO^, of even 
3.0 cc. above that required for a complete reaction, did not dis- 
solve any of the edestin copper, for after removing the precipi- 
tate from the solution to which 8 cc. of 0.1 n CuSOi had been 
added no more nitrogen was found than in that containing 5.1 
cc. A basic salt is apparently formed to about the same extent 
as when the copper sulfate is added to the sodiiun hydroxide 
solution; namely, in the proportion of 10:13 (p. 111). This 
formation of a basic salt was noted by Ritthausen.^ That no 
copper hydroxide was precipitated with the edestin copper when 5 
cc. of 0.1 N CUSO4 were added, is shown by the fact that the pre- 
cipitate was completely soluble in a slight excess of 0.1 n NaOH. 

^ In order to learn how edestin, when dissolved in an acid solu- 
tion, behaves towards copper sulfate the following experiments 
were tried. 2 gm. of air-dry edestin were suspended in 100 cc. 
of boiled water and dissolved by adding 100 cc. of 0.1 n HCl 
solution. This contained 0.0166 gm. of nitrogen in 10 cc. or 
0.0893 gm. of edestin (0.0166 X 5.38). 


^Eitthausen, J. praJcL Chem,, 1877, xv, 332. 
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Titration of the Acid Edestin Solution Containing Copper Sulfate with 
Sodium Hydroxide Solution, 


IjO Cc. HzO + to Cc, 0,05 N HCl + Edestin + 10 Cc. OJ n CuSOa, 


0.1 NaOH. 


1 In solufinn. 


Reaction. 



Reaction to 
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Much, 
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+12.0 
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edestin. 

alkaline. 

+15.2 

Deep blue ppt. 
Distinctly violet solu- 


Alkaline. 



tion. 




+15.5 

Nearly all dissolved. 




+15.7 

Only a trace undissol- 





ved, deep blue solu- 
tion. 




+18.0 

it 





On adding 5 or 6 cc. of 10 per cent NaOH a clear, deep blue solution 
with very slight viole tint resulted. 


From the above data we find that no precipitate begins to 
form until 3.8 cc. of the alkali are added. With 5,0 cc. 
tically all of the edestin was precipitated, since the filtrate con- 
tained only 0.0006 gm. of nitrogen. The precipitate produced 
by 5 cc. of 0.1 N NaOH was white, and when washed with water 
and dissolved in excess of alkali gave only a slight biuret reaction 
which became strong on adding a little CUSO 4 . These facts 
indicate that this precipitate contains very little copper, but do 
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not show whether this is combined or adsorbed. On continuing 
the addition of alkali the solution became neutral to litmus with 
12 cc. of 0.1 N NaOH and contained only a trace of copper. That 
the precipitate contained a basic copper salt is shown by the fact 
that the reaction remained neutral until 14.2 cc. of the alkali 
had been added and that the precipitates produced up to this 
point were completely soluble in an excess of alkali, provided 
the stated quantities of 0.1 n NaOH had been added rapidly. 
The precipitate yielded by 14 cc, of 0.1 n NaOH, when dissolved 
by a minimal amount of alkali, retained its original deep blue 
color when diluted with five volumes of 1 per cent sodium hydrox- 
ide solution, no sign of a violet tint being produced. If the larger 
quantities of alkali were added slowly some Cu(OH )2 at first 
remained undissolved, probably owing to the fact that a basic 
salt was formed under these conditions, but on stirring the slight 
turbidity slowly disappeared. When 14.2 cc. of 0.1 N NaOH had 
been added the copper edestin compound began to dissolve. 
This is 0.8 cc. less than should be required for a complete reaction. 
Practically all of the precipitate dissolved on increasing the ad- 
dition of 0.1 n NaOH to 15.7 cc., 0.7 cc. more than is required 
for a complete reaction between the hydrochloric acid and the 
copper sulfate which the solution contained, or 1.5 cc. more 
than the quantity added when the precipitate began to dissolve. 
The very small amount of undissolved substance, Cu(OH) 2 (?), 
was readily soluble when the quantity of alkali was materially 
increased. A permanent alkaline reaction to litmus was not ob- 
tained until 14.2 cc. of 0.1 N NaOH had been added; with phenol- 
phthalein this reaction developed with 13.4 cc. Nearly the 
same amount of alkali was required when the edestin was not 
present in the solution, an alkaline reaction to litmus appear- 
ing when 14.0 cc. had been added, or practically at the same point 
as in the presence of edestin. 

To determine if possible the relation of the copper to the white 
precipitate, produced by adding 5 cc, of the alkali, as well as to 
the blue one formed by the larger quantities, we repeated these 
experiments. After adding 5 cc. of 0.1 N NaOH the solution 
was centrifuged and decanted. The white precipitate was ground 
up with water, separated by centrifuging, and washed on a filter. 
The washings gave no biuret reaction. The precipitate after 
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remaining on the paper over night contracted to a much smaller 
volume and then showed a distinct greenish tint. When ignited 
this left an ash weigliing 0.0012 gm., equal to 1.3 per cent of the 
edestin. This was largely, if not wholly, copper oxide. To the 
solution, from which the white precipitate had separated, 0.5 cc. 
of 0.1 N NaOH was added before a precipitate was produced, 
which gradually increased in amount with more alkali, and ap- 
peared to be copper hydroxide. When 7.1 cc. of 0.1 n NaOH had 
been added the solution, which was then neutral to litmus, was 
centrifuged and decanted from the light blue precipitate. The 
reaction became slightly alkaline on adding 0.1 cc. more alkali 
and distinctly alkahne with 0.3 cc., no more precipitate being 
formed and no copper being in 4;he solution. It thus appears 
that after removing the white precipitate by adding 5 cc. of 
0.1 N NaOH, the solution behaves exactly like one containing 
only copper sulfate. 

Since edestin is insoluble in water at a neutral reaction, ana 
the slight acid reaction of the solution after adding 5 cc. of 0.1 N 
NaOH may be due simply to the dissociation of the small amoun 
of copper sulfate which it contained, it is probable that the wwtc 
precipitate consisted of edestin, precipitated by neutralizing 
the hydrochloric acid by which it had been dissolved. The sm 
amoimt of copper in the precipitate may have been adsorbe , or 
it may have been chemically combined with the edestm, po®i / 
representing a molecular compound containing a relatively nm 
number of copper atoms. 

If the precipitate, which forms on adding 5 cc. of 0.1 n 8 < 

is left in the solution during the further addition of nlka i ^ 
the acid reaction to litmus disappears, the blue 
formed may consist of a mixture of free edestin and 
ide, or it may be a compound of edestin with copper, 
does not contain free edestin is indicated by the fact tba „ 
ing in the air a bright blue substance is left which is ,^ 1^3 
insoluble in a relatively large excess of alkali, and t a i ® 
no copper hydroxide is shown by the fact that in the r 
cipitated condition it is readily soluble in a very i 
alkali. On the other hand, it is possible that a soIuP 
copper compound may be formed after adding an exces _ 

Stoce none of the preceding experiments, either with m 
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line or acid solutions, show the maximum amount of copper 
with which edestin can combine, we tried the folloTsing. 


Tilralion of the Acid Edestin Solution Containing Copper Sulfate with 
Sodium Hydroxide Solution, 

40 Cc, R,0 W Ce, 0.05 n IICl -f Edestin -f S5 Cc, 0,1 N NaOH, 


0.lNCaSOi. 

Reaction. 

CuO 

insoluble. 

cc. 

+ 9 

Clear blue solution. i 
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+10 

it it it 

tt 
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ft it it 

tt 
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tt a if 

It 
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tt it it 

tt 

+15 

it tt tt 

Trace. 

+16 

Turbid “ 

0.0140 gm. 

+18 1 

tt it t( 

0.0214 “ 


The 35 cc. of alkali were added as rapidly as possible with 
constant stirring, With 12 and 14 cc. there was a small amoimt 
of substance which did not dissolve immediately, but on stirring 
for about 20 to 30 minutes the solutions became perfectly clear. 
After the addition of 15 cc., followed by stirring for 30 minutes 
and centrifugation, a just visible amount of Cu(OH )2 remained 
undissolved. In the solutions containing 16 cc. and 18 cc. of 
0.1 N CuS 04 there was more undissolved copper hydroxide. 
The amount of dissolved copper in the experiment with 15 cc. 
of the CuSO^ was 0.0474 gm* Cu. If the Cu was aU combined 
With the 0.0893 gm. of edestin present in the solution the com- 
pound would contain nearly 35 per cent of copper. Repetition 
of these experiments, however, showed that it is impossible to 
determine accurately the amount of copper thus combined, for 
the combination is so unstable that uniform results cannot be 
obtained. All we can say is that edestin, under the above con- 
ditions, for a time can hold in solution a quantity of copper of 
approximately the above order. After a few hours evidence of 
change is shown by the blue color of the solution giving place 
to a brown, which may or may not be accompanied by deposi- 
tion of insoluble matter. In the former case the solution assumes 
the characteristic color of the biuret reaction, as this is given 
by .edestin, the brown color being caused by the precipitate of 
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partly dehydrated copper hydroxide. Solutions to which 14 
and 16 cc. of 0.1 N CUSO4 had been added, and then 35 ce. of 0.1 N 
NaOH, after standing over night in stoppered flasks were cen- 
trifuged and the brown precipitates washed -on filters, ignited, 
and weighed as copper oxide. They yielded respectively 0.0396 
and 0.0472 gm. of CuO. Subtracting these quantities from the 
total copper oxide in 14 and 16 cc. of 0.1 n CuSO^ leaves in the 
biuret colored solution 0.0161 and 0.0165 gm. of CuO equal to 
0.0130 gm. of Cu combined with the 0.0893 gm. of edestin. These 
data indicate that the edestin copper compound which gives 
the biuret color in alkaline solution contains about 12.7 per cent 
of copper. It is thus evident that the edestin compounds con- 
taining quantities of copper near the maximum are very unstable 
at the room temperature. The biuret-reacting compound, on 
the other hand, appears to be far more stable, for after standing 
for several days no evidence of any change was apparent. 

We have already stated that if the edestin in 10 cc. of ovtr solu- 
tion combines with all of the copper in 16 cc. of 0.1 n CuSOi 
the compound would contain 34.67 per cent of copper, corre- 
sponding to an atomic ratio of Cu : N as 10 : 15.83, or veiy nearly 
10 Cu : 16 N. Assuming that one Cu combines with one N, 
ten out of every sixteen atoms of the nitrogen, or 62.5 per eent 
of the total nitrogen of the edestin would be thus united. 'The 
compound produced by 14 cc., which in nearly all of our many 
experiments was readily and completely soluble in an excess of 
alkali, contains 30.7 per cent of copper, the ratio in this case 
being Cu ; N : : 10 : 16.9, equal to 59 per cent of the nitrogen, 
assuming one Cu to be united to one N. According to the two 
experiments described above, the biuret colored compound 
contained Cu : N : : 10 : 58 or 10 : 57. In this case 17.09 and 
17.48 per cent of the total nitrogen would be required for union 
of one atom of nitrogen with one of copper, or a little more than 
one-third as much as in the unstable, alkali-soluble compound 
containing the maximum amount of copper. 
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Copper Covipounds of Gliadin. 

Since gliadin differs widely from edestin in the relative pro- 
portions of various types of nitrogen which it jdelds by hj'drolysis, 
the experiments just described were repeated with gliadin in 
order to determine whether or not the differences in the structure 
of these two proteins would be revealed b3'^ differences in their 
copper compounds. 

A solution of gliadin was prepared containing 0.0158 gm. of N, or 
0.0902 gm. of gliadin in 10 cc. of 0.05 N NaOH. In the follow- 
ing table the figures given represent the total quantity of copper 
sulfate solution added for each of the reactions described, and are 
not to be understood to mean amounts in addition to those 
preceding. 


Tilralion of an Alkaline Gliadin Sdlulion with Coj)j)er Snljale Solnlion, 
40 Cc. HzO -f 10 Cc. 0.05 N NaOH -f Gliadin. 


O.InCuSOi. 

Reaction. 

Reaction to litmus. 

cr. 

0.1 

Biuret color just visible. 
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0.7 

“ “ much stronger. 

it 

1.8 
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it 

2.3 

a it it 

u 
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a 

4.6 
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it 
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Trace of precipitate. 
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5.0 
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it ft 

5.3 

Precipitate lighter blue and more voluminous 
than edestin. All soluble in excess NaOH. 

Neutral. 

5.4 

Precipitation complete, no Cu in solution. 

it 

5.5 

In solution, Cu none, N 0.0006 gm. 

t< 

6.5 

'' " “ trace, ” 0.0006 » 

it 

7.5 

“ “ more, “ 0.0006 “ 

Acid. 

8.5 

« « « « 0.0008 “ 

it 


These results agree closely with those obtained with edestin, 
the neutral point to litmus and the slightly greater amount of 
nitrogen not precipitated by the copper sulfate being doubtless 
due to a larger proportion of amide nitrogen split by the alkali 
rom the gliadin than from the edestin. Gliadin yields 25 per 
cent of its nitrogen as ammonia, when completely hydrolyzed, 
whereas edestin yields only 10 per cent. The fact that an excess 
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of nearly 50 per cent of 0.1 n CuS 04) perhaps even more, above 
that required for a neutral reaction to litmus can be added with- 
out dissolving the precipitated gliadin is shown by the nitrogen 
in solution when 7.5 cc. were added. The slightly greater quantity 
of nitrogen in solution with 8.5 cc. is within the limits of experi- 
mental error. As was the case with edestin a basic salt is formed 
since no copper was found in solution until 6.5 cc. of 0.1 n CuSOi 
had been added, or 1.5 cc. more than was required for a complete 
normal reaction between the sodium hydroxide and the copper 
sulfate. The color given by gliadin with the smaller quantities 
of copper sulfate was the pure biuret pink, similar to an alkaline 
phenolphthalein solution, whereas that given by edestin with 
corresponding quantities of copper was of a distinctly bluer tint. 
Both proteins yielded pure blue solutions before precipitation 
began, which for edestin was with 4.4 cc., for gliadin with 4.9 cc. 

The precipitates, thus produced, undoubtedly do not repre- 
sent definite copper compounds of the protein, for the amount 
of copper hydroxide available for combination is determined 
by the amount of sodium hydroxide present in the protem solu- 
tion, and, as wiU be shown later, a much larger quantity of cop- 
per hydroxide can be rendered soluble in aikaUes by the same 
amount of gliadin than is present in the precipitate produced 
by 6.3 cc. of 0.1 n CuSOi. 

The chemical character of the copper compounds which are 
formed under the conditions here described has never been es- 
tablished, although it has been the subject of some study. Kober 
and Sugiura® have shown that each molecule of a peptide con- 
taining from two to four amino-acids unites with only one atom 
of copper. For these peptides they represent the combination 
as follows. 

'Kober, P. A., and Sugiura, K., J. Biol. Chem., 1912-13, xiii, 1, Am. 
Chem. J., 1912, xlviii, 383. 
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They state that: “The results on peptides show ■unmistakably 
that one molecule of peptide, whatever number of amino-acids 
it may contain, combines ■with only one molecule of copper hy- 
droxide.” If this statement is strictly true only a few of the 
peptide-bound mtrogen atoms of the huge protein molecule 
would be avaUable for union with copper, and accordingly we 
should expect edestin to be unable to form copper compounds 
containing approximately 35 per cent of copper. That all of 
the nitrogen of the R-CO-NH-R groups in edestin can unite 
with copper hydroxide is indicated by the fact that Van Slyke® 
has shown that edestin yields on complete hydrolysis 62,8 per 
cent of its nitrogen as amino nitrogen, an amount just sufficient 
to combine with the maximmn amount of copper which we have 
found to be soluble in an excess of alkali in the presence of edestin. 
It is improbable that the imino nitrogen of proline reacts with 
copper, for Osborne and Clapp'^ foimd that the dipeptide of pro- 

‘ Van Slyke, D. D., J. Biol. Chem., 1912, xii, 295. 

» Osborne, T. B., and Clapp, S. H., Am. J. Physiol., 1907, xviii, 123. 
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line and phenylalanine, which Fischer and Luniak® later showed 
to be prolylphenylalanine, forms a copper salt with one atom of 
copper, thus behaving like the dipeptides of the amino-acids. 
The imino nitrogen of oxyproline and tiyptophane will probably ' 
behave in the same way, though, as yet, this has not been shown 
exper mentally. According to Van Slyke® 25,3 per cent of the 
edestin nitrogen is imino nitrogen of which about one-half be- 
longs to arginine, or 12.3 per cent of the total nitrogen. The NHi 
of the guanidine complex of the arginine is here included, for the 
imino nitrogen as given by Van Slyke is the difference between 
the total nitrogen and the sum of the ammonia, amino, and melanin 
nitrogen. The NHo group of the guanidine complex, equal to 
one-fointh of the arginine nitrogen, or 6.15 per cent of the total 
nitrogen of the edestin, is thus to be considered. Whether or 
not, while a constituent of the protein, this is capable of com- 
bining with copper is unknown. An arginine copper salt, simi- 
lar to those formed by the amino-acids has not been described, 
doubtless because arginine is too strong a base to combine nor- 
mally with this metal. 

Of the remaining 6.85 per cent of the so called '^imino nitro- 
gen^^ a part belongs to proline and a part possibly to oxyprohne. 
These two substances form copper salts which yield copper hy- 
droxide when treated with an excess of alkali and there is no 
reason to suppose that their RC-NH-CR groups will unite with 
copper as does apparently the RC-NH-CO-R group of the pep- 
tides and proteins. The same may be said for the imino group 
in tryptophane, which forms copper salts of the type character- 
istic of amino-acids and in the dipeptide glycyltryptophane 
unites with only one copper atom, as shown by Kober and Sugiura. 

Of the remaining nitrogen, that yielded by hydrolysis as ammonia 
is probably, though not certainly, present in the protein as amide 
nitrogen R-CONH 2 . What part in forming copper compounds 
may be taken by such nitrogen when a constituent of the pro 
tein molecule remains to be demonstrated, but there is no goo 
reason to suppose that this group will unite with the copper, 
except upder such conditions as assumed by Kober and 
for alkaline cCpper diglycylasparagine. We thus see that lit , 

• Fischer, E., and Luniak, A., Ber. chein. Ges,, 1909, xlii, 4752. 
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if any, imino nitrogen, other than that belonging to the R-CO-NH- 
R grouping, remains with which the copper l^droxide can com- 
bine, and we are forced to assume that it is with this nitrogen 
that nearly all of the copper unites. It may be added that his- 
tidine forms a copper complex wliich dissolves in excess of alkali, 
giving a solution having a color similar to that of the biuret re- 
action. The proportion’ of histidine in edestin, however, is too 
small to affect appreciably the results here under discussion. 

On page 117 we stated that the copper edestin compounds 
which contained the larger proportion of copper and which dis- 
solve in alkali giving deep blue solutions, on standing decompose 
with separation of copper hydroxide and a change of color to 
the characteristic violet of the biuret reaction. In the experi- 
ments there described the solution contained 0.0893 gm. of edestin 
and 0.0130 gm. of Cu, equal to 0.1023 gm. of an edestin copper 
compound, containing 12,71 per cent Cu, and 16.14 per cent of 
nitrogen, a ratio of Cu : N : : 10 : 57.5. Since 62.8 per cent of 
the edestin nitrogen is peptide-bound there would be available for 
every ten atoms of the copper in this compound thirty-six atoms 
of such nitrogen out of every hundred, or nearly 1 Cu : 4 N which 
the experiments' of Kober and Sugiura seem to show to be neces- 
saiy. for the formation of a true biuret color. The color of the 
solutions containing copper in the above ratio is not the ‘True 
biuret’^ color given by tetrapeptides, but the “semibiuret/' 
which is that given by all of the native proteins. It is highly 
probable that besides the union of four nitrogen atoms coordi- 
nately with the copper a little of the latter is also combined in 
some other way, in consequence of which a blue-violet tint is 
imparted to the solution. 
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This paper gives the results of analysis of a kind of Chinese 
preserved eggs called pidan. The Chinese and other Oriental 
peoples preserve eggs, not necessarily to keep them unchanged, 
but to make various new substances — a process analogous to the 
production of cheese from milk. The products have been little 
studied and the literature on the subject is therefore limited. 
Hansawa^ describes a number of Chinese methods of preserva- 
tion and gives the results of a bacteriological study of pidan. 
The descriptive part of his article and also a portion of one by 
Gibbs, ^ referred to below, ate given in almost literal translation 
by Long.^ Earlier work is that of Svofaoda^ on Oriental preser- 
vation in wood ashes, extensively quoted by Konig^ and by Kos- 
sowicz.® In 1908 a paper appeared by Vosseler’ on egg preserva- 
tion in the tropics. Gibbs and his coworkers^ describe a process 
of preparing eggs used in the Philippines and give analyses of 
these and fresh ducks^ eggs. The United States Department of 
Agriculture makes brief mention of Oriental eggs in one of its 
Fanners' Bulletins.^ A recent number of the National Geographic 

^ Hanzawa, J., Zenir. Baht^, Bte Abt,, 1913, xxxvi, 418. 

^ Gibbs, H. D., Agcaoili, F., and Shilling, G, R., Philippine J. Sc., Sec- 
tion A, 1912, vii, 390. 

*Long, A. L., Pure Products, 1913, ix. 494. 

* Svoboda, H., Chem. Zig., 1902, v, 483. 

^Konig, J., Chem. mensch. Nahr.- u. Genussmifctel, Berlin, 1914, iii, pt. 
2, 175. 

® Kossowicz, A., Die Zersetzung und Haltbarmachung der Eier, Wies- 
baden, 1913. 

^ Vosseler, J,, Der Pflanzer, 1908, iv, 129, cited in Chem* Ahstr., 1909, 
in, 1780. 

« Langw^orthy, C. P., U. S* Dept. Agric., Farmers' Bull. t2S, 1906. 
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Chinese Preserved Eggs 

Magazine® gives pictures which are probably of the kind of eggs 
that we have studied. 


Preparation and Ph7jsical Properties of Pidan. 

Pidan is made from ducks^ eggs and is a factory product. The 
foUomng description of its preparation was obtained from the 
manager of a factory. It is similar to the method given by Han- 
zawa, but more detailed. To an infusion of 1| pounds of strong 
black tea are stirred in successively 9 pounds of lime, pounds 
of common salt, and about' 1 bushel of freshl}^ burned wood 
ashes. This pasty mixture is put awa3^ to cool over night. Next 
day 1,000 ducks’ eggs of the best quality are cleaned and one hy 
one carefully and eventy covered with the mixture, and stored 
awa}^ for 5 months. Then they are covered further with rice 
hulls, and so with a coating fully I inch thick are read}’* for the 
market. The}’’ improve on further keeping, however, for at first 
, they have a strong taste of lime which gradualty disappears. 
"‘1 Eggs preserved in lime-water and salt are also said to have a 
lime-like taste. ^ The eggs are eaten without cooking. 


They are verj’* different from fresh eggs. The somewhat darkened shell 
has numerous dark green dots on the inner membrane. Both the white 
and yolk are coagulated; the white is brown, more or less like coffee jelly, 
and the yolk greenish gray with concentric rings of different shades of 
gray. The jmlk gradually loses its peculiar color on exposure. Numerous 
tyrosine-shaped crj^stals are found on the side of the white next to 
the yolk, apparently formed on the vitellin membrane- The taste of 
the eggs is characteristic and the odor markedly ammoniacal. It maj 
also be noted here that the eggs have no odor of hydrogen sulfide an 
that no blackening x)f lead acetate paper could be detected during 15 min- 
utes* treatment of the finely divided yolk and white with acid in close 


weighing bottles. _ 

The appearance of the eggs, however, is not wholly unique, consi c 
ing the alkalinity of the materials used for preservation. Ev^quoz an 
Haussler'o observed that when water-glass contains too much aa'si, 
the latter diffuses into the egg, making the white into a yelloiv 
ent mass and soHdifying the yolk. Konig quotes Svoboda to the 
effect, and states that Oriental eggs kept in wood ashes become sua 
and look like hard-boiled eggs. The changes in pidan formati on^ 

^Showalter, W. J., Nat. Gcog. Mag,, 1916, 

10 Ev6quoz, A., and Haussler, B. P., Z, Untersuch, Nahr.- u. Genus 

1913, XXV, 96. 
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doubtless also bacteriological. Hanzawa isolated five kinds of bacteria 
from them, inoculated fresh eggs with these bacteria, and then placed 
them in water-glass for several months. The resulting substance was 
similar to pidan in color and hardness. 

It is interesting to compare pidan with various published descriptions 
of decomposed eggs. Kossowicz in the first part of his monograph re- 
views the literature of the subject, chiefiy from the bacteriological point 
of view, but with numerous descriptions of the spoiled eggs. Especially 
noteworthy are Gayon’s observations^^ that while most of his eggs gave 
off hydrogen sulfide on spoiling, some which decomposed in the absence 
of air had an odor of phosphine and ammonia. This is the only reference 
that we have found to the presence of free ammonia in eggs, or at least in 
sufficient quantity to give a noticeable odor. Numerous descriptions are 
also given of eggs darkened in color and of pasty or jelly-like consist- 
ency, but most of these dark solid eggs smelled of hydrogen sulfide. The 
formation of greenish spots of mould or bacteria on the inside of the shell 
is often noted, both in early work and in Kossowicz's, and tyrosine-shaped 
crystals have been observed'* on the vitellin membrane. Poppe'* adopted 
Schrank’s classification of spoiled eggs as mouldy eggs, eggs smelling of 
hydrogen sulfide (the typical rotten eggs), and eggs recognized by putrid 
decomposition and a cadaver-like smell — none of which describes pidan. 
Thus in spite of numerous points of similarity between these variously 
described decomposed eggs, none of them resemble pidan closely. Com- 
parisons with cold storage eggs are made below. 

Methods of Analysis, 

Determinations were made of total solids, ether extract, acidity 
of ether extract, alkalinity of ash, nitrogen as total nitrogen, co- 
agulable, non-coagulable, volatile, and amino nitrogen, and 
lecithin phosphorus and total phosphorus. The methods used 
were chiefly those of the Association of OflScial Agricnltnral 
Chemists.^^ 

The egg was first weighed whole, the yolk and white were separated 
and weighed, chopped into small pieces, and dried in air at All 

but a few tenths of 1 per cent of the water or volatile matter of the yolk 
and a little less of the white was lost during the process. The total water 

" 1873, Quoted by Kossowicz.® 

” Wiley, H. W., U, S, Dept, Agric,, Bureau of Ckernistry, Bull, 115, 1908. 

“ Poppe, K., Arb, k, Gsndhisamte, 1910, xxxiv, 186. Schrank, 1894. 

Wiley, G, S, Dept, Agric,, Bureau of Chemistry, Bull, 107 (revised), 

190S. 

Leach, A. E., Food Inspection and Analysis, New York, 3rd edition, 
1914. 
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content T\’as determined by further drying in hydrogen at 100°C. after 
pulverising the partially dried substance. The ash and the alkalinity 
of ash were determined on the residue after total drying, as was also the 
ether extract of the yolk, the extraction being continued for 20 hours in 
some cases and 8 in others. In the first ether extract determination petro- 
leum ether was used, but as the result was unexpectedly low, anhydrous 
ether was substituted thereafter, although it gave only slightly higher 
results. Several eggs were used in duplicating the moisture and fat de- 
terminations. For the nitrogen determinations portions of white and yolk, 
about 3 gm. each, were weighed in closed weighing bottles containing dilute 
acid, for it had been noted that the egg when opened gave off ammonia 
or some volatile ammoniacal substance in sufficient quantity to give a 
marked odor and promptly to turn a piece of red litmus held over it de- 
cidedly blue. 

The coagulable, non-coagulable, and volatile nitrogen were deter- 
mined upon the same portion of the egg. This portion was first ground 
with hydrochloric acid, neutralized with sodium hydroxide, reacidified 
with acetic acid to a faint but distinct acidity,*® and then heated to boil- 
ing for 3 minutes. If the acidity was too faint, the solution remained 
milky after heating, and was hard to filter. The clear filtrate was made 
up to 150 cc. The residue was used for the determination of coagulable 
nitrogen by the Kjeldahl-Gunning method, and 100 cc. of the filtrate were 
taken for the non-coagulable nitrogen. The rest of the solution was used 
for the determination of volatile nitrogen by Folin's method, on the addi- 
tion of sodium carbonate and aeration for a number of hours into 25 co. 
of 0.1 K acid. In another case the filtrate from the coagulable nitrogen 
was used for the Van Slyke amino nitrogen test. 


Results of Analysts and C/oT/jpamon with Other Bggs^ 

The following table gives the percentage of the three parts in 
four Chinese eggs, and, for comparison, in fresh ducks' eggs. The 
first figures for the fresh eggs are those given by Liihrig*’' as t e 
average of nineteen eggs that he worked with, and the 
are those of Wood and Merrill.^® 

The loss in weight in opening and weighing the eggs, avera^og 
0.6 gm., or about 1 per cent of the total, is probably chiefly ws r, 
but also a little ammonia. Eggs 1 and 4 were bought at a ^ 

ent place from 2 and 3. r ^ nf the 

As shown in Table I, our eggs weighed less than most 

16 Pennington, M. E., J. BM. Chem., 1909-10, 109. 

« Liihrig, H., Z. Untersuch. Nahr.- u. GenussmtUeh 1904, vi i, 
u Quoted by Leach, p. 264, from Wood and Merrill, Maine Ag 

SlaiioUt 
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TABLE I. 



Whole 

egg. 

Shell. 

White. 

Yolk. 

Loss. 

Shell. 



Loss. 


pm. 

pm. 

pm. 

pm. 

pm. 

percent 

percent 

percent 

per cent 

Pidan 1 

58.24 

8.18 

17.79 

31,87 

0.39 

14.1 

30.6 

54.7 

0.6 

** 2 


9.29 

15.13 


0,64 

15.0 

23.2 

60,9 


“ 3 


7.85 


31.73 

0,44 

14,4 

23.4 

61.3 

0.9 

« 4 

65.50 

8.89 

19.92 

36,57 

0.12 

13.6 

30.4 

55.8 

0,2 

Fresh 1 

67.7 

7.7 1 

36.0 



11.4 

63.2 

35.4 


« 2 : 

6S.1 

7.2 . 

1 

36.5 

24.4 



63.6 

35.8 



published weights of fresh ducks* eggs, and the whites without 
exception were far lighter. The percentage of the shell and 
the yolk of pidan are decidedly higher, while the percentage 
of the white is only about half that of fresh eggs. That some of 
the water of the white of pidan must have gone over to the yolk 
during preservation is further definitely shown in the analysis of 
pidan given in Table II. Here the percentage of water is 54.0 
in the yolk and 69.8 in the white, instead of 45.8 and 87.0 for 
fresh eggs (Table III). There has thus been a marked transfer 
of water from white to yolk and a marked loss of water from the 
white to the air. The difference is still more marked when the 
actual quantities of water in white and yolk are computed for 
Egg 1 and for fresh eggs: in the whites, 12.4 gm. in pidan, and 32 
gm.in fresh eggs; and in the yolks, 17.1 gm. in pidan, and 11 gm. 
in fresh ones. Greenlee^^ found a similar though much slighter 
change in hens^ eggs kept in cold storage. He reports a change in 
the moisture of the yolks during 40 days from 47.17 to 50.60 per 
cent, and in the whites from 87.60 to 84.74 per cent. 

In Tables II and IV are brought together the results of the 
analyses of the yolk and white of pidan, and in Table III, the 
average composition of fresh ducks* eggs as given by Langworthy.® 
The first two lines of figures for yolks and whites of Table II, ex- 
cept the nitrogen, are all for the same egg (No. 1), the other 
figures are for other eggs, possibly of different age, and show con- 
siderable variation. 

Greenlee, A. D., U, S. Dept. Agric.^ Bureau of Chemistry, Civ. 83, 1911; 
J.Am. Chem. Soc., 1912, xxxiv, 539. 
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TABLE II. 


Composition of Pidan, 


1 

1 

Water, 

Ether 

extract. 

Acidity of 
ether ex- 
tract, oleic. 

Aflh. 

Alkalinity 
of ash, 
NaOH. 

Total N. 


per cent 

per emt 

per cent 

per cent 

per cent 

per cent 

Yolk. 

53.55 

21.06 

7.0 

4.08 

1.79 

2.33 


53.59 

21.00 

6.9 

4.06 

1.74 

2.32 


58.25 

17.6 




2.20 


55.17 

21.9 




2.22 


49.57 

23.7 

9.0 



2.14 

White. 

69.56 



3.13 

' 1.21 

3.21 


70.02 



2.93 

1.21 

3.20 






; 3.06 







3.0S 


TABLE III. 


1 

Water. 

Protein. 

Fat. 1 

Ash. 

whit'ft 

per cent 

87.0 

45.8 

per cent 

11.1 

16.8 

per cent 

0.03 

36.2 

per cent 

0.8 

1.2 

Yolk 


A number of differences between pidan and fresh eggs are 
shown in Tables II and III, in addition to the ^ 

changes. First, pidan is decidedly higher in ash. Comp 
with other eggs preserved in alkaline solutions, otj 

age is not surprising. Konig quotes that eggs mp 
afhes, if somewhat moist, show in 4 months an 
from 1 to 3 per cent. The ash m these eggs Jas bee^ ou 
high as 6.5 per cent. The alkalinity of the ash of ^onig s 
wfs also foimd to be high, whether preserved m ^^odush^ 
too strongly alkahne water-glass,‘“ but not so high as m the y 

'’^Thetther extract of the yolk is surprisingly 

as compared with Langworthy’s 36.2 per cent of 

ZZ ew. The difference is stU. 67 per 

are calculated on the dry basis, « P=' ^ ^ ,^„et is hieh. 

Lt for fresh eggs. Also Uie acidity of the ether 
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8 per cent free acid calculated as oleic acid. This was deter- 
mined bj’- titrating duplicate extracts of the yolk of several eggs, 
using hlarcusson’s-'’ two indicator method, phenolphthalein, and 
alkali blue B 6. In view of Pennington’s observations-* on the 
occurrence of lipase in hens’ eggs, a high acidity is not unexpected. 
It is possible also that some of the acid from the action of the 
lipase and the alkali from the preserving material may have 
formed soaps. These of course would not be extracted by the 
ether and would give an alkahne ash. 

To test this idea of soap formation several of the residues from 
the ether extraction were ground up rvith hydrochloric acid, dried, 
and reextracted with ether. They all gave further substance to 
the ether which was completely soluble in warm alcohol. It 
amounted on the average to 3.1 per cent of the original yolk and 
titrated roughly as 95 per cent oleic acid. This quantity of sub- 
stance is, of course, not great enough to account for more than 
part of the loss in ether extract. 

Another possible source of loss of ether extract might be de- 
composition of the phospholipoids."^ To find whether this had 
taken place, we determined the total pTiosphorus of the yolk and 
■the phosphorus in the extract obtained by successive extractions 
of the dried yolk with anhydrous ether (12 hours), absolute alco- 
hol (12 hours), and again with ether (18 hours). The phosphorus 
was determined in the usual way as magnesium p 5 Tophosphate 
after oxidizing the material with sodium carbonate and potassium 
nitrate. We found 0.77 per cent total and 0.39 per cent lecithin 
phosphoric anhydride. This is much lower than figures given 
by Liihrig*^ for fresh eggs. According to these the yolk of ducks’ 
eggs contains 1.255 per cent total P 2 O 5 , 0.643 per cent “soluble in 
ether, pure lecithin,’’ and 0.218 per cent “soluble in alcohol, 
lecithin bound to nuclein,” or altogether 0.861 per cent lecithin 
P 2 O 5 . Of course to compare these figures with ours from our 
abnormally moist yolk, all should be calculated on the dry basis. 
If this is done the lowness of our figures is even more striking, 
although the yolk we used contained less water than most of 

*®Marcusson, J., Z, angew. Chem>j 1911, xxiv, 1297. 

Pennington, M. E., and Robertson, H. C., U. S. Dept Agric., Bureau 
of Chemistry j dr, 104 ^ 1912, and OriginarCominunications, 8th Iniernai. 
Cong. Appl. Chem., 1912, xxvi, 405. 

We wish to thank Dr. David Klein for suggesting this. 
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ours“^9.6 per cent— and weighed much less. Liihrig’s fresh yolks 
contained 45.0 per cent moistm*e. This gives us on the dry basis 
2,28 per cent total and 1.59 per cent lecithin phosphoric acid for 
the fresh yolks^ as opposed to 1.53 and 0.76 per cent for ours. 
Both total and lecithin phosphoric acid are low in pidan, by ap- 
proximately the same amount — 0.8 per cent. The actual quan- 
tities in the whole yolks are 0.2987 and 0.2050 gm. for the fresh 
eggs, and 0.169 and 0.086 gm. for pidan. Thus not far from half 
the lecithin phosphorus has apparently disappeared, has not been 
transfonned into some other phosphorus compound insoluble in 
alcohol or ether, but is actually gone from the yolk. Of course 
the data are insufficient for accurate determination of the amount 
of change, but there can be little doubt that the lowness of the 
ether extract of pidan is in part due to some decomposition of 
phospholipoids. 

Besides the change of water, ash, and ether extract in pidan, 
the figures in Tables II and III seem to show increase in the 
protein of the white (N X 6.25). This increase is apparent only, 
however, and due merely to decrease in moisture. Recalculation 
on the dry basis shows loss rather than gain, 65 per cent of the 
total solids instead of the 85 per cent of the fresh, probably be- 
cause of actual increase of ash. The yolk protein so calculated 
shows little difference between pidan and fresh eggs (29. and 31 
per cent). 

The distribution of the nitrogen of pidan is given in Table IV. 

It is compared with some of Pennington’s^® figures for fresh hens 


eggs in Table V. 

It should be remembered that the figures for pidan are for 
three different eggs. As might be expected, they are not per- 
fectly concordant, but show definite variations from fresh eggs. 
The average for Pennington’s non-coagulable nitrogen is 9.1 P^r 
cent of the average for total nitrogen; whereas the correspon g 
figures for pidan are 16 per cent for the white and 18 per 
the yolk. The non-coagulable nitrogen is thus decidedly ig 
in pidan than in fresh hens’ eggs. No figures were foun or 


resh ducks’ eggs. ^ ^ i 

Pennington a’so determined ammoniacal nitrogen . 

,ld eggs by the Folin aeration method. ^ JJakd i 1 
mrooniacal nitrogen from 0.0012 per cent in well han 
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TABLE rV. 

Distribution of Nitrogen in Pidan, 



Total. 

Congulabic. 

Non- 

coa^ulablo. 

Volatilo. 

Amino. 


ptT e^nt 

per cent 

per cent 

percent 

percent 

Yolk. 

2.33 

2.04 

0.42 




2.32 

1.99 

0.41 

mSEm 



2.20 

1.92 

0.41 


0.182 


2.22 

1.80 

0.44 


0.179 


2.14 

1.79 

0.33 


0.179 

Average. 

2.24 

1.91 

0.40 

0.06 

0.180 

White. 

3.21 

2.89 

0.54 


0.299 


3.20 

2.84 

! 0.59 


0,303 



2.50 

I 0.44 

0.10 

0,303 



2.54 

0.44 

0.12 


Average. 

3.14 

2.69 

1 

0.50 

0.09 

0.302 


TABLE y. 

Distribution of Nitrojen in Hem^ Eggs. 


Total. 

Coagulable by beat. 

In filtrate from coagulum. 

per cent 

per cent 

per cent 

1,65 

1.46 

0.195 

1.68 

1.49 

0.193 

1.70 

1.59 


1.71 

1.64 

0.109 

1.68 

1.51 ' 

0.J52 

1.67 

1.54 

0.156 


day old, to 0.0030 per cent or more in an egg which was almost a 
white rot.23 This author used portions of the whole egg in the 
determinations, ^nd we used merely the Sltrete from the congu-- 
lable nitrogen, but even so the ammoniacal nitrogen in pidan is 
from twenty to forty times as high as that in the oldest and poor- 
est of Pennington’s eggs. Higher figures than Pennington’s are 
given by Houghton and Weber.^^ For black rots they give 169.6 
mg. of ammonia nitrogen per 100 gm. of moisture and fat-free 
substance. Our results calculated on the same basis are 240 mg. 
per 100 gm. of yolk, and 300 mg. per 100 gm. of white. Even 

** Pennington, U. S, Dept, Agric^j Bureau of Chemistry^ Cir, 98, 1912. 
Other similar figures given in Bull, B 24 , 1916. 

** Houghton, H. W., and Weber, F. C., Biochem, Bull,, 1914, iii, 447. 
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these figures may be too low, since ammonia was undoubtedly 
lost in opening the eggs. 

The presence of ammonia is especially important in connection 
with the low phosphorus content. At least some of it may have 
come from the lecithin. If it had all come from protein other 
signs of protein decomposition should have been more marked. 
The increase above the normal of the non-coagulable nitrogen in 
pidan does not seem great enough to correspond with this exces- 
sive ammonia. Some proteolysis has undoubtedly taken place 
during the preservation, but also some decomposition of the 
lecithin. 

The amino nitrogen was determined by Van Slyke’s method** 
on the filtrate from the coagulable protein of both yolk and white 
of one of the eggs, using 14.6 gm. of yolk and 8.0 gm. of white to 
obtain 100 cc. of solution. This was exactly neutrah'zed, evap- 
orated on the water bath to one-fourth its volume, and 2 cc. por- 
tions were used for the determination in the micro apparatus. 
Tt was necessary to shake this reaction mixture for 18 to 20 
■'minutes to get concordant results. The yolk showed 0.18 per 
cent amino nitrogen, and the white 0.30 per cent. No figures on 
amino nitrogen of fresh or cold storage eggs have been found in 
the literature. 

SUMBIARV. 


The following changes have been shown to take place during 
the formation of pidan from fresh ducks* eggs. (1) Water in 
large quantities has been transferred from the white to the yolk, 
and water has been lost from the white to the outside. (2) The 
ash and the alkalinity of ash have increased in a way similar to 
that of other eggs preserved in alkali. (3) The ether extract has 
decreased and its acidity is high. (4) Both total and lecithin 
phosphorus have decreased. (5) The non-coagulable nitrogen has 
increased and also the ammoniacal nitrogen, the latter to an ex- 
traordinary degree, and the amino nitrogen is high. Erom these 
changes the conclusion is drawn that decomposition of the egg 
protein and of the phospholipoids has taken place. The produc- 
tion of pidan from the fresh eggs is probably brought abou 
through the agency of the alkaU, bacteria, and enzymes. 

« Van Slyke. D. D., J- Biol. Chew.., 1912, xii, 275 



THE COMPOSITION, ESPECIALLY THE HYDROGEN 
ION CONCENTRATION, OF SEA WATER IN 
RELATION TO MARINE ORGANISMS. 

By j. R McClendon. 

{From the Marine Laboratory of the Carnegie Institution of Washington at 
Toriugas, Florida j and the Physiological Laboratory of the 
University of Minnesota*) 

(Received for publication, September 14, 1916.) 

Since the extensive analyses of Fcrchhammer and Dittmar, the relative 
concentration of the chief salts in sea water has been accurately known, 
the differences In the results of different investigators only slightly ex- 
ceeding the differences in the values of the atomic weights that they used. 
Omitting regions affected by land drainage and the melting of the polar 
ice caps, ocean surface salinity (gm. of total salts per kilo) varies only from 
about 33 to 38, the most dilute region being the North Pacific. The known 
ocean currents affect only the surface layers, but there is probably a drift 
of the bottom water chiefly from the South and less from the North Polar 
regions toward the equator, which could take place at a depth of 4,000 
meters without obstruction. The evidence for this is the fact that the 
depths of the oceans have a remarkably uniform salinity of nearly 35 and 
temperature of about 2° which is much above the temperature of maximum 
density, and are fairly well oxygenated. It seems safe to infer, therefore, 
that all surface water has compara'tively recently come from the depths 
under the equator, 

Dittmar showed that there is proportionately 0.44 percent more CaCOjat 
the bottom than at the surface, due to the solution of pelagic shells by 
means of the CO 2 from organic decomposition. It is evident, therefore, 
that the CaCOs brought from the depths and from the land is precipitated 
in surface water, especially in the tropics. Drew supposes that this is 
not done entirely by the formation of shells and skeletons, but also by the 
action of denitrifying bacteria which increases the alkalinity of the water 
by removal of nitrates until the solubility product for CaCOa is exceeded. 
Palitzsch has shown that the alkalinity of the sea varies inversely with the 
depth, but this is probably largely the result of changes in CO 2 content due 
to the synthesis of organic matter at the surface and its decomposition in 
the depths, and less to the changes in nitrates, especially since nitrates 
and ammonia vary in the same direction. The effect of denitrifying bac- 
teria is probably greatest where the sea is diluted with fresh water. I 
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found that CaCOs began to precipitate on the glass when the?H (= - logH* 
concentration) was kept at 8.2G, although the addition of CaGl, causes 
no precipitation. 


In selecting a place to study sea water, the coast laboratories 
are to be avoided, owing to the drainage of the land. Therefore 
it was decided to go to Tortugas, Florida, where the water may 
be considered ocean water since it is a deep blue with an average 
salinity of 36 (35.23 to 36,09) (Dole) and is remarkably free from 
plankton or sediment. The scarcity of life is probably due to the 
lack of fixed nitrogen as I found 0.0085 mg. of NHa in a hter and 
hardly a trace of nitrates in 2 liters. Since Tortugas is about 
500 miles from the mouth of the nearest large river, the accession 
of fixed nitrogen from the land is negligible, and its marine flora 
is dependent on that coming up from the depths or down with the 
rain, which escapes the action of the denitrifying bacteria. 

The temperature of the Tortugas laboratory (which is practi- 
cally in the sea) showed a diurnal rhyiihm of about 25-31'', and 
a general drift of about 2° during the season. Most of the ex- 
periments were done at a temperature of 29.75-30.25®. The 
temperature of the sea was not taken regularly, but it was always 
near 29®. 


The special Leeds and Northrup potentiometer (reading to 0.5 milli- 
volt), Weston cell (of the unsaturated type), and weights (used fn ma’dng 
the solutions) had just been standardized by the United States Bureau 
of Standards. The calomel electrodes were made as follows: A round- 
bottomed 100 cc. cylinder, with a side neck attached near the top aud 
bending down to the bottom, was supplied with a large platinum electrode 
fused in the bottom. Redistilled mercury, purified by shaking in a shak- 
ing machine for 30 minutes with each of several changes of 3 per cent nitric 
acid, was dissolved in nitiic acid, and this m ere uro-ni irate was used in 
making the mercury by electrolysis. The electrode was filled with t e 
mercuro-nitrate and the side neck dipped into a vessel of mercuro-nitw e 
containing a platinum anode. A mercury anode was tried and discar e 
sincal could not find a method of preventing the formation of a less so u e 
mercury salt on its surface. As much current was passed, through a 
sistance, from the 110 volt direct current circuit as was possible wi n 
undue heating of the side neck, until the platinum was plated over 
whole surface with a thick layer of mercury, and mercury 
drop off of it in considerable amount. The KCl was recrystalhz J 
tion in hot distilled water in fused quartz and cooling (and throw^^g 
fbA Tnother liquor) five times, and dried 3 months over CaCh. 

Ita w". M by\v.iBhl.5 .«. 7.456 gm. »d ■“ 
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distilled water in a liter flask. A fresh portion of mercuro-nitrate was 
purified by electrolysis, redissolved, and precipitated with Baker^s analyzed 
HCl, and the precipitated calomel washed by decantation several times 
with distilled water and many times with the 0.1 N KCl, always being in 
contact with excess Hg which w'as finally shaken to form a gray mixture 
with the calomel, and washed into the electrode with KCI solution until 
the platinum was deeply covered. The end of the side neck was closed 
with an ungreased ground glass cap and passed through the rubber stopper 
of a cylinder filled with 0.1 N KCl. The electrode was filled w’ith 0.1 n KCl 
and closed by fusing the glass in a flame. The second cylinder was con- 
nected by means of a syphon closed with an ungreased ground glass cap 
to a third cylinder filled with a saturated solution of KCl. The electrode 
vessel and part of the side neck were painted black to prevent the reduction 
of the calomel by light. 

The only course left for change of this electrode is change in average size 
of grain of calomel, due to the greater solubility of the smaller grains, 
but it seems to be a general opinion that such a process is very slow. The 
electrodes measured zero against one another when first made up and when 
they were periodically tested later. They gave the expected e. m. p. 
against electrodes of several other types. Since I aim at an absolute 
accuracy of 1 millivolt (=0.016 Ph)i their drift of potential during the 
season cannot be considered serious. 

The combined tonometer and hydrogen electrode and the im- 
proved hydrogen electrode previously described (McClendon and 
Magoon) were used, with the exception that the latter was made 
with the large compartment about 11.5 cc,, owing to the fact 
that the buffer value of sea water is less than that of blood. After 
passing the hydrogen bubble over into the 1.5 cc. compartment 
the end cock (d) was opened before closing the middle cock (c) 
in order to restore the pressure that had been reduced by the 
solution of some hydrogen. Several forms of titration hydrogen 
electrodes were tried but the one shown in Fig. 1 is to be recom- 
mended, owing to the absence of rubber bulb, piston, or mercury 
funnel to suck up the liquid into the electrode. It is simply im- 
mersed in the liquid far enough so that when the cock is properly 
turned the liquid enters the electrode and drives some of the hy- 
drogen out through the trap T. It is likewise preferable to other 
non-sucking titration electrodes in being more protected from 
diffusion of O 2 from the fluid outside. 

The hydrogen electrode proper in each of these instruments 
Was made of a gold disc (welded to platinum wire) cleaned with 
a saturated solution of potassium bichromate in concentrated sul- 
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furic acidj washed, and platinized with 2 per cent platinic chlo- 
ride containing a trace of basic lead acetate. It was not cleaned 
bj’’ electrolyzing H2SO4, since it was never used as anode and the 
possibility of the formation of CI2 was excluded. It was replati- 
nized a few seconds after each dozen determinations. Since this 
process would finally make the platinum black too thick, the life 
of the electrode may be prolonged by the use of palladium, which 
can be dissolved off (Clark and Lubs; Ostwald and Luther). 



Fiq. 1. Hydrogen electrode for titration* Insert a drop of Hg and a 
copper wire in W. The bulb, D, is immersed in the fiuid in a beaker and 
hydrogen is bubbled through it. The cock, C, is turned so that the bulb 
fills (by gravity) with fluid which drives hydrogen out at T. Hydrogen 
is bubbled through again and the fluid allowed to rise until it just touches 
the platinized gold disc (black), when the reading is taken. 

The hydrogen was generated from, zinc and H2SO< and washed 
with ( 1 ) alkaline permanganate, (2) KgCh, and ( 3 ) alkaline 
gahol, in all glass, stopperless wash bottles. The CO2 was gen- 
erated from marble and HCI and washed with NaH(^03 
Owing to the high electrical resistance in the circuit cause y 
the 0.1 N KCl in the two ground joints in the calomel , 

(wUch were always closed) and the sea water in the 
stopcock of the hydrogen electrode, which was also close , 
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ordinary capillar}^ electrometer was not sufficiently sensitive to 
read down to 0.5 millivolt. The capillary tube of the electro- 
meter was drawn out in the flame to about 0.01 mm. bore and 
until the wall was thin enough (even after pasting a cover-glass 
on it with Canada balsam) to admit the use of an 8 mm. objective 
and very high ocular in the reading microscope. By bending 
back the bulb of the capillary electrometer it was made to fit 
on the stage of a microscope tilted back and held by rubber 
bands. In order to prevent shaking, the table legs were passed 
through the floor into the ground mthout touching the floor. 
The use of the capillary electrometer saves much time. 

The millivolt readings after correction for Ha density, according to Clark 
and Lubs, were converted into Pn values by means of the conversion table 
previously published (McClendon, 1916) which was extended sufficiently 
for the purpose. This change makes all the values in the table about 
1 millivolt too low, and therefore 1 millivolt was arbitrarily subtracted 
from each of Clark and Lubs’ corrections. Clark- and Lubs find a different 
theoretical value for the e. m. r. of the normal hydrogen electrode against 
the 0.1 N calomel electrode from that used in making the conversion table. 
Since much of the older work was done with HCl, and since Ellis has 
shown that its curves for dissociation calculated (1) from electrode poten- 
tial and (2) conductance ratio are different even at considerable dilution, 
the discrepancy may be due to the use of the conductance ratio to denote 
the dissociation of HCl at dilutions at which it differs from that calculated 
from electrode potential. 

Since my solutions were near neutrality and the reading was taken 
immediately after making junction with saturated KCl solution, I do not 
think that the diffusion potential vitiates my results. 

For preliminary teats a series of “nonsol’’ glass tubes (1 cm. bore) filled 
with Sorensen’s phosphate mixtures plus phenols ulfonepbthalein from 
Ps (= — logH concentration) ^ 7-8, and a similar set of tubes filled with 
Sorensen’s borate buffer mixtures plus thymolsulfonephthalein^ (Lubs and 
Clark) from = 8-10, and sealed in the flame, were used. The phosphate 
and borate mixtures were calibrated with the hydrogen electrode, but ow- 
ing to the Salt action on the indicator 0.3 must be subtracted from the Ps 
of sea water as determined with the tubes in order to obtain the same 
result as with the hydrogen electrode. Although the of sea water was 
determined with the hydrogen electrode out to the second place of decimals 


^For the convenience of Dr. Howntree, Dr. A. G. Mayer, and others I 
have standardized solutions or samples in relation to the phenolsulfone- 
phthalein and thymolsulfonephthalein tubes for determining hydrogen 
ion concentration kept in stock for sale by Hynson, Westcott and Co., 
Baltimore. 
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(0.5 millivolt = O.OOS Ph), the estimation of the salt action on the indicator 
could not be carried this far because the tubes read only to the first place 
of decimals. Palitzsch defines the Ph to the second place of decimalSi 
but this must be an estimate since his borate mixtures record only to the 
first decimal place. The apparently remarkable coincidence that the 
correction for salt action (at 35 to 36 salinity) should be the same for phenol- 
sulfonephthalein and thymolsulfonephthalein is probably due to the 
similar chemical constitution of these indicators. The advantage of these 
indicators over a*naphtholphthalein and phenolphthalein is that each 
shows two strikingly different colors, and errors due to dye concentration 
cannot be hidden. 

These tubes of thymolsulfonephthalein are to be especially recommended 
for determinations at sea in oceanographic work and all determinations 
of the Ph of sea water in which an accuracy of 0.1 is sufficient. They were 
used by Dr, L. R. Cary to measure the COj excreted by medusse (see also 
Haas). For a greater accuracy the tubes would have to be made larger 
or of extremely uniform bore. In making the small tubes the glass should 
be carefully selected. The bore should be 10 mm. 0.25 mm. They should 
be filled with 3 cc. of the buffer mixture plus 0.2 cc. of 0.1 per cent thymol- 
sulfonephthalein in 70 per cent alcohol, measured with a graduated pipette. 

A test-tube of 10 mm. bore should have an etched mark at 3.25 co. for use 
with sea water, since the addition of the sea water after the indicator 
helps mix the latter. By retaining the 0.2 cc. pipette used in filling the 
tubes, the necessity of the calibration of one for making the tests is avoided. 


The Ph of Tortugas sea water (within 8 miles of Loggerhead 
Key or 82° 52' to 82° 58' W. and 24° 30' to 24° 38' N.) from the 
surface to a depth of 35 meters, as well as in the moat of Fort 
Jefferson, was found to vary from 8.1 to 8.22, which is about the 
average for ocean water (7.95 to 8.25, Palitzsch; Ph of 8.06 just 
colors phenolphthalein, at 35 salinity). Since there was no gen- 
eral drift of Ph during the season, it is probable that the limits 
of variation during the entire year are not very different. N® 
relation between Ph and location, time, or tide was found. 


Since calcium is the only non-volatile base in sea water that has been 
sbowntovaryindependentlyofthe salinity, it is possible that variationsm 
thecalcium content due to the activity of corals and other *^^sanismsmig 
affect the Ph but this question must be reserved for future study. 

I found only 8.5 parts of ammonia per billion, this factor must 
The effect of denitrification is probably small, since I ^ 

traces of nitrates in the water. The amount of nitric acid brmip 
by the rain in the Barbados was estimated by Harrison and 
2 75 kg pw hectare per annum, but this was acoompani 

of a— ia,whichwouldmeanamixtureofNH.NO,and NH.CO.- A 
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thunder showers over the sea this fixed nitrogen is probably taken up very 
quickly by algai and denitrifying bacteria. Although the evaporation 
is rapid, it would not be sufficient to concentrate the fixed nitrogen before 
it mixed with the sea to a great depth, since Dole could detect no immediate 
influence of rain on the surface salinity. 

That variations in the amount of H3PO4 in the sea water could account 
for variations in the Pn seems improbable, since I found about 4 mg. in 
20 liters that had been acidified with HCl and evaporated to a small quan- 
tity. Although some phosphates may have been occluded in the saHs 
crystallizing out, this fraction was probably small, owing to the strongly 
acid reaction which was constantly maintained during the evaporation. 

Since dilution of the sea water must dilute the carbonates 
and bicarbonates responsible for its reaction, it would theoreti- 
cally affect the Ph. Solutions of soda were aerated by drawing 
moist air through them vigorously for 72 hours in order to make 
their CO 2 tension equal that of the air. The of the 0.1 N 
solution was 9.8; that of the 0.01 k, 9.26; and of the 0.001 N, 8.3. 
We thus see a marked change in the Ph with dilution, but the 
effect of diluting a bicarbonate solution is much less if it is not 
aerated; we cannot say that the sea is thoroughly aerated, and, 
furthermore, the presence of neutral salts in the sea affects the 
dissociation of the alkali. In order more nearly to imitate the 
effect of rain falling in the sea, a portion of sea water of Ph“ 8.1 
was diluted with an equal volume of conductivity water of Ph = 
=*=6, and the Ph of the mixture was foimd to be about 8.09 in 
the hydrogen electrode. Perhaps if the CO 2 tension of the con- 
ductivity water had been exactly that of the air, a greater change 
would have been noted, but the experiment indicates that a 
dilution of the most concentrated Tortugas sea water (salinity = 
36.09) to the most dilute (salinity = 35.23) would not account 
for the variation in Ph (from 8.22 to 8.1). 

There remains to be considered the change in CO 2 content 
and its effect on the Ph of the sea water. No direct measure- 
ments of the CO 2 content of the sea water were made, but the 
change of Ph with change of CO 2 tension is shown in Fig. 2. In 
making mixtures containing less than 1 per cent CO 2 , a double 
dilution is necessary. For instance, in making 0.02 per cent 
CO 2 a 1 per cent mixture is made in the combined tonometer 
and hydrogen electrode as previously described (McClendon 
and Magoon), then the apparatus is shaken (without disconnect- 
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ing the mercury^ funnel) so as to mix the COa thoroughly with 
the Ha. By raising the mercury funnel, all but 2 per cent (2 cc.) 
of the gas mixture is expelled, then hydrogen is admitted in the 
usual manner so that the resulting mbcture contains 0.02 per cent 



total COz per liter. 


CO 2 After shaking 1-5 cc. of sea water with 10 cc. of a gas nnx 
ture in the tonometer, the CO-, content of the gas mixture^ 
be perceptibly changed, so it was necessary, after deterniin ff 
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the Pu, to expel the gas mixture and make a new one like it, and 
repeat this process until a constant Pn was reached. 

The change in P^ with a change in CO 2 tension is shown in 
the continuous line in Fig. 2. The dotted line shows the total 
GOo content extrapolated from data given by Fox, and is 40 
cc. at 0.015 per cent CO 2 tension, 41.9 at 0.02 per cent, 44.5 at 
0,03 per cent, 46.25 at 0.04 per cent, and 47.5 at 0.05 per cent. 

Fig. 2 shows that within the normal limits for sea water a 
very small change in the CO 2 tension or CO 2 content causes a 
comparatively large change in the Ph, and the changes that have 
been observed in the Ph of uncontaminated ocean water could 
probably be explained by the changes in CO 2 tension produced 
by the action of organisms. I found that a jellyfish pulsating 
in sea water in a closed vessel changed the Ph from 8.2 to 8 in a 
ver 3 »' short time, indicating an increase of about 6.5 cc. of CO 2 
per liter. Algae in the sunlight would change the Ph to 8.25 in 
less time. It seems almost certain that the CO 2 tension is the 
chief factor in determining the Ph of the oceans. If this is true, 
the water from a depth of 2,000 meters in the Atlantic, which 
Palitzsch found to have a Ph of 7.95, should have a CO 2 tension 
of about 0.06 per cent at 30®, and Tortugas water should have a 
CO 2 tension of about 0.03 to 0.043 per cent. In one experiment 
water drawn directly from the sea into the electrode had a Ps 
of 8.15. It was then passed into the tonometer and its Ph at 
different CO 2 tensions determined, with the result that it had a 
Ph of 8.15 at 0.04 per cent CO 2 tension, from which I conclude 
that this was the CO 2 tension of the sea where the sample was 
taken. 

It would be interesting to know the CO 2 tension of the air at Tortugas 
to see how it compared with the sea. An attempt was made to determine 
this by bubbling air through the water until equilibrium was reached and 
then determining the Ph of the water. The first experiments were value- 
less, owing to the assumption that equilibrium would be reached within 
a few hours. It was found necessary to pass a strong stream of moist air 
through a small quantity of sea water at least 15 hours in order to reach 
equilibrium, and during this time the temperature changed about 5° if 
the aeration was all done continuously. In one experiment starting with 
Ph= 8.1, equilibrium was reached at the end of 15 hours^ aeration with the 
final temperature 30°, and Ph=8.16. After 24 hours^ more aeration (which 
was stopped at a lower temperature), the Ph was about the same (8.15). 
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We may assume, therefore, that the CO 2 tension of Tortugas air on that 
day was about 0.033 per cent. Legendre found the air off the coast of 
France to contain 0.022 to 0.08? per cent CO-, and Lewy found ocean air 
in the Antilles to contain from 0.038 to 0.053 per cent COi (average 0.046 
per cent,^. He found ocean air to average 0.053 per cent in the day and 
0»035 per cent at night, presumably due to absorption of CO 2 by the water 
when cooled at night 

Since the sea contains more than thirty times as much CO 2 as the air, 
it must regulate the average concentration of this gas in the air. Krogh 
supposes that GOa is being increased in the air by the combustion of coal 
and hence the CO 2 tension of the air is greater than that of the sea. He 
calculates the carbon in the air as 6{X) billion tons, and since the annual 
consumption of coal is now more than a billion tons, the increase might 
become measurable if it were not absorbed by the sea. Chamberlin sup- 
poses that 440 million tons of carbon are withdrawn annually from the air 
by the weathering of rocks* 

If the CO 2 content of the Gulf Stream water remains approximately 
constant as it flows northward, its CO 2 tension must decrease, owing to 
the increase in the absorption coefficient for COj and the decrease in the 
dissociation of bicarbonates with fall in temperature. But if equilibrium 
with the air is partially reached, the CO 2 content and H* concentration 
should be greater in the North, which seems to be the case. PaliUsch 
found the Ph in the Atlantic equal to 8.1 in the far North, and 8.25 nearer 
the equator. If the sea locally affects the CO 2 content of the air, we might 
expect northern air to be poor in CO 2 , but Krogh found from 0.025 to 0.07 
per cent in the air of Greenland, whereas the average for the world is taken 
at 0.03 per cent. Benedict found, however, from 0.01 to 0.034 per cent 
between Boston and Genoa, and 0.003 to 0*027 per cent between Montreal 
and Liverpool, with the same apparatus. It would be easier to determine 
whether CO 2 is being absorbed or given out by the sea by determining the 
COj tension of the sea and air simultaneously at the same place, as I hope 
to do next year. 


The sea water is so complex a mixture that it would be difficult 
to apply the law of mass action to it, but owing to the remark- 
able constancy in the relative amounts of the chief neutral salts 
in it, we may say that the Pk depends on the excess of non-vola- 
tile base over acid and also on the COj tension, at a given tem- 
perature. This excess of base was found by Dole to be 0.0023 
to 0.00257 N, but this determination seemed of sufficient impo ’ 
tance to see w'hether the same result is obtained by other me o 
of titration as follows; The titrations were made with 0.1 n - 
C«™ter (100 CO.) placed in a wide-mouft 
by a patalSnod cardbeard, perforated m three , 

Joduction of the burette tip, the hydrogen electrode us 
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an indicator, and a rubber tube of 1 mm. bore filled with satu- 
rated KCl solution and closed at the end with a wooden plug, for 
connection with the calomel electrode. After dropping in a 
small quantity of acid a vigorous stream of hydrogen was passed 
through the electrode into the sea water, which was allowed to 
fill the electrode and was blown out with hydrogen three times; 
it was then allowed to rise only far enough to touch the platinized 
disk, and the reading was taken. This process was repeated, 
and the curve of Ph and cc. of acid was plotted. The angle of 
the curve was taken to denote the acid necessary to neutralize 
the excess of base over non-volatile acid. I found the excess 
base in sea water to be 0.0023 to 0.0025 n. Titrations with 0.05 
N H2SO4 gave the same results, but the angle seemed not to be 
as sharp as with HCl. That the excess base had been neutralized 
at the angle in these titration curves was confirmed by adding 
the indicated amount of acid to 100 cc. of the same sample of 
sea water and determining the Ph after expelling the CO2 more 
or less completely. After bubbling air through for 12 hours, 
the Ph was about the same as that of an NaCl solution that had 
been exposed to the air. After boiling it was nearly neutral, 
and after boiling down to half volume it was also about neutral, 
and the same was true after bubbling hydrogen through it for 
a long time. In no case was it alkaline. Artificial sea water 
made of absolutely neutral salts plus 24 cc. of 0.1 n NaHCOa to the 
liter reached a Ph of 8.2 after aeration for about 6 hours, whereas 
if only 23 cc. were used the aeration could be continued for a 
slightly longer period without danger of making it too alkaline. 
Since artificial sea water containing only 23 cc. of the soda solu- 
tion reacted to aeration more nearly like natural sea water, 
this amount of soda (added as bicarbonate) is recommended in 
making artificial sea water, which should be aerated sufficiently 
to bring the Ph to about 8.15. 

Although Herbst maintained the life of sea urchin eggs for 
some time in artificial sea water, and the experiments of many 
investigators have shown that the exact proportions of the salts 
are immaterial in many physiological experiments. Dr. A. G. 
Mayer informed me that no artificial sea water had been found 
that would maintain the jellyfish, Cassiopeia^ in a normal condi- 
tion. It pulsates intermittently (after the excitement has passed) 
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when put into artificial sea water and continues to do so until 
removed or until death ensues. It seemed important, therefore, 
to attempt to make a more successful sea water in order to deter- 
mine, if possible, the full physiological significance of this medium. 
The principal salts are so well known that errors in their concen- 
tration would not be looked for in locating the trouble. The minor 
constituents are probably more variable, and the older analyses 
not so reliable, but some more accurate analyses have been made 
by Raben, Matthews, and others. It is possible that organisms 
may suffer from lack of some of these minor constituents, and it 
is also possible that organisms may suffer from an excess of them 
when they occur as impurities in the principal salts or in the 
distilled water. These constituents are supposed to occur as 
follows, in parts per million:* 


NH3 


Cu 


Li 


Ag 

0.01-0.169 

jRb 

U-15{?) 

Au 

Q.005-O.0S5 

Cs 


Ra 

0.000000017(?) 

Sr 

it 

F 

0.3-0. 8 

Ba 

it 

I 

0-2.19 

Mn 

it 

NO54-NO2 

0.18-1.1 

Zn 

0M2 

PO, 

.... 0.2-2. 2 

Fe 

0 . 9 - 3.0 

Si02 

.... 0. 2-1.4 

Co 

Trace 

AI2O3 

.... 0.2f?) 

Ni 


B 

. . . . Trace. 

Pb 

o.K?) 

As 

. ... 0.01-0.08 


If the purest reagents are used for the principal salts in making 
sea water, the mixture would be supposed to contain, in parts 
per million, about: 0.03 AI 2 O 3 ; 0.3 SiOjj 0.2 Fe; 0.05 I; traces of 
Ba and NH 3 ; traces of As and heavy metals; 0.001 NO 3 ; and 0.0003 
PO 4 . Warburg found enough Cu in reagents that had been 
crystallized in copper dishes to increase the oxidation greatly 
in sea urchin eggs. Warburg found further that the addition 
to sea water of 0.001 Ag or 0.002 Au or 0.0006 Cu (parts per 
million) increased oxidation in unfertilized sea urchin eggs abou 
600 per cent. 

« For references to the literature on this =“bject see the works of 
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In order to test whether there might be enough heavy metals 
in “reagent/’ “analyzed/’ and “/wr Analyse^^ salts to affect or- 
ganismsj sea water was made from them and compared with 
that made from further portions of the same salts after solution 
in water redistilled in quartz (since Locke found Cu in distilled 
water in a toxic concentration) and reciystallization in “pyrex” 
glass. The NaCl was precipitated by admitting HCl gas into 
its saturated solution. Instead of NaHCOa, recrystallized Na^COs 
plus an excess of CO2 was used. The results were equally favor- 
able with the two sea waters. The addition of as much as five 
parts per million of PO4 was detrimental to animals. 

Since H2O is the chief constituent of sea water, particular 
attention was paid to it. It was found that conductivity water 
made in Hulett’s laboratoiy and sealed in pyrex flasks by fus- 
ing the glass accomplished no better results than Merck’s distilled 
water. Pyrex glass contains arsenic, b\it very little should 
have dissolved in the water since the glass is extremely 
insoluble. It is said to contain no lead. The only posi- 
tive result from experiments with different qualities of dis- 
tilled water was that aeration improves it. The aeration neces- 
sary to bring the artificial sea water to the required Ph is not suf- 
ficient from other standpoints. It was not determined whether 
the beneficial effect of aeration was the addition of some ele- 
ment (O2, for instance), or the elimination of gaseous impurities. 
Merck’s distilled water was free from NH3 but had a taste that 
was not lessened by redistillation in quartz. The conductivity 
water had this taste in a much smaller intensity, and it required 
72 hours of vigorous aeration to reduce the taste (of a Hter) of 
Merck’s water to equal that of conductivity water. Since the 
conductivity water had purposely been kept from the air as 
much as possible, ii,ts lack of taste may have been due to the oxi- 
dation of aU organic impurities. If this was so, the taste of 
Merck’s water must have been due to some volatile substance 
other than NH3 or CO2. 

In making the artificial sea water, the salts were made up in 
normal solutions (0.5 m of bivalent salts), and the following num- 
ber of cc. were used to make a liter, .according to an analysis of 
Tortugas sea water of salinity 35.49 (Clarke) or 35.41 (Dole). 
The proportions for isotonic solutions are also given. The 
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isotonic solution of NaHCOg is approximately isotonic after 
aeration, but it should be noted that these solutions cannot be 
exactly isotonic since rmxing them affects the dissociations. 



Normal solutions. 

Isotonic BoluUons. 



cc. 


1 

CaCl; 

0.5 M 

22.0 

0.38 M 

29.0 

MgCh 

0.5 M 

50.21 

0.37 M 

67.9 

MgSO, 

0.5 M 

57.09 i 

0.975 m 

29.5 

KCi 

M 

10.23 

0.577 m 

17,7 

NaCl 

M 

483.65 

0.568 m 

852,0 

NaBr 

M 

0.8 

0.565 M 

1.4 

NaHCOj 

M 

2.32 

0.930 M 

2.5 

H 2 O 


373.63 





1,000.00 




The mixture should be aerated until it has a of about 8.15. 
This artificial sea water was tested with all the delicate marine 
organisms available. The lagoon jellyfish, Cassiopeia xaviadionf^i 
lived in it indefinitely and its pulsations were normal. Some died 
in 6 weeks if the water was allowed to evaporate, but the pre- 
vention of evaporation or the occasional addition of distilled 
water to restore the volume was all that was necessary to keep 
them alive (without food). Eggs of the Atlantic Palolo worm, 
Eunice fucata, developed in it and produced two pairs of setJe. 
Some were alive at an age of 13 days, although they had never 
been fed. 

Many animals apparently live at a great depth in the sea 
where the water is cold, and when brought to the surface in warm 
regions die sooner or later, and very rapidly when brought in^ 
laboratories. Since these animals are considered to be the mo^ 
delicate, I placed them in the artificial sea water. Sagitta hve 
7 days, various pelagic medusse, ctenophores, and siphonophores 
lived about 12 hours when crowded in small vessels, and oa 
only a few hours under the same conditions. If the Ps 
changed beyond the limits, 6 to 8.26, death of all of the animais 

occurred sooner. ^ 

The Pb of sea water is rapidly changed by the 
inals or eggs, even in uncovered dishes. For this reason i 
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of interest to determine the Pn of the fluids inside invertebrates, 
which do not di/fer markedly from sea water in the salts they 
contain, and are often very poor in proteins. The Pn of the body 
fluid of the sea urchin, Toxopneiistes {Lyiechinus) variegatus, 
was found to vary from about 7.7 to 7.8. The blood of the conch, 
Slromhus gigaSj was about 7.5. 

Some salts may be considered nutritive, especially to plants. 
The growth of marine Diatoms, but not algse, was favored when 
I added 2 cc. of m Ca(N 03)2 per liter. But most of the salts, or 
more correctly, ions in sea water, are to be considered protective 
rather than nutritive, especially to animals. Since the work of 
Ringer, 0. Loew, Loeb, Mayer, and others, the idea that one ion 
protects the organism from the toxic action of another ion has 
constantly gained ground. I have shown that certain ions in- 
crease the permeabihty of sea urchin and fish eggs (McClendon, 
1910, 1914; McClendon and Mitchell). Since these ions are 
present in sea water they must be antagonized by other ions 
in sea water. This work was greatly extended by Osterhout 
who showed that certain ions increase the permeability of plant 
cells and others inhibit their action. If the action of all ions is 
of this nature there must be only two classes of ions, those that 
increase permeability and those that inhibit this change. The 
work of Ringer, Mines, and others shows the antagonistic action 
of ions on the heart. In order to test this h 5 rpothesis of the 
two classes of ions the action of ions of sea water on the pulsa- 
tions of Cassiopeia and the heart of the conch was studied. I 
had found the freezing point of a sample of Tortugas sea water 
in 1910 to be —2.03° when corrected for undercooling, which is 
the freezing point calculated from a salinity of 37, whereas that 
of salinity 35.41 is —1.937°.^ Isotonic solutions were made as 
follows: 

A = 1.937°: 0.565 N NaCI, 0.677 n KOI, 0.378 m CaClz, 0.364 m MgCh 

A = 2.03°: 0.59 n NaCl, 0.6 n KCl, 0.395 m CaCL, 0.38 iviMgClz 

Whole Cassiopeias when paralyzed by pure MgCh solution begin 
to beat after the addition of a little KCl or more NaCl, but not 
by CaCh. When paralyzed by a pure CaCh solution they may 
begin to beat if sufficient NaCl or KCl is added before this toxic 

* Kriimmel, page 241. 
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solution has had time to injure the animal severely. This actior 
of Na is inhibited by an increase in the concentration of H. 
The rate of pulsation is above normal in pure NaCl solutioDj 
but is reduced (finally to zero) by increase in the H* concentra- 
tion. If the P,i of sea water is changed beyond the limitS; 7.5 
to 8.25, the pulsation rate is finally reduced, but a long period 
may intervene before the pulsations respond unless the change 
in P,j is great. 

The pulsation rate is increased by the addition of KCl to sea 
water, and its action is inhibited b 3 '' increase in H . If the-to- 
^iopeia is paratyzed by a marked increase in the H* concentration 
of sea water it may beat after the addition of KCl. Wlien para- 
lyzed by MgClo or CaCb it may be caused to beat by increasing 
the OH“ concentration. 

The heart of the conch will beat if perfused with sea water. 
In these experiments the auricular wall was used to make con- 
nection with a glass reservoir, and a hydrostatic pressure of about 
2 cm. of water was substituted for the auricular action; hence 
only the ventricular action was studied. It stops in systole if 
the Pn of the sea water is changed to 9.7, and in diastole if the 
Pn is 5,6. Sea water of P^ = 8.26 deposits CaCOs on glass, and 
a precipitate occurs throughout the solution if the alkalinity 
is increased much further, but it may remain in a supersaturated 
condition, as regards CaCOs for some time. It is improbable 
that a precipitation of CaCOs occurs in the tissue before it ap- 
pears generally, since the tissue is constantly reducing the alka- 
linity by the production of CO 2 . Within the limit of Ph ^ 
an increase of OH“ merely increases the rate of pulsation', t 
effect of the ions may be summarized: Increase in concentratK^ 
of OH~, Na*, or K* increases the rate and finally stops the hea 
in systole; whereas H*, Mg* *, and Ca* * decrease the rate and may 
stop the ventricle in diastole. This action of Ca is only seen 
when it is applied suddenly in great excess, since the discovery 
of Ringer that Ca * * favors systolic contractions holds 
for the conch ventricle. When placed in equal parts of 


and isotonic CaCb solution, the ventricle stops m 


soon shrinks up and cannot be revived. In the follomng tata 
lation, the numbers express the volumes of neutralized se 
(n. s. -w.) to which one volume of isotonic chloride solu 
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added, and the effect produced, followed by the effect of the ad- 
dition of another solution. 

4 n. s* w. 4" Na increasos rata^ + HCI to make O.OOl n, stops iti diastole. 
11 '' 4- K , 4- HCI “ ‘‘ 0.001 K, “ “ 

4 “ 4- Mg stops in diastole, OH~, starts again. 

X " 4- Ca “ “ then passes into rigor. 

We may sum up these experiments on Cassiopeia and the conch 
ventricle in the light of electrical conductivity experiments on 
animals and plants by assuming that Na-, K-, and OH" increase 
the permeability of the plasma membrane and that Ca- Mg- 
and H' inhibit their action, thus causing decrease in permeability 
when the antagonistic ions are present. It has been shown that 
muscular contraction is accompanied by increase in permeability 
(McClendon, 1912) which may explain the fact that Na*, K-, 
and OH'* favor systole, and Mg- • and H* favor diastole, but 
the experiment must be performed in a certain way in order to 
show that Ca- * may produce diastole. The anomaly that a 
small amount of Ca- - favors the systolic contractions produced 
by a large excess of Na- may be explained by the assumption 
that the optimum ratio of each pair of antagonistic ions is differ- 
ent for each part of an organism and that more than one of these 
hypothetical parts are concerned in any one of the experiments. 
For instance, suppose the optimum ratios are as follows;, Ca: Na =» 
1 : 100 for muscle, 1 : 50 for nerve fiber, 1 : 25 for motor end 
plate, 1 : 10 for nerve cell body, it is clear that no ratio of Ca to 
Ha would be especially favorable for an action in which all of 
these structures take part. In sea water we have a summation 
of antagonisms in which Na-, K-, and OH” are combined against 
Ca- Mg‘ •, and H-, and the proof that it is favorable for all 
of these structures is that it works. It should be added that 
some of the minor constituents of sea water take part in these 
antagonisms, and that their effect is large in comparison to their 
concentration. 

Since the statement was made by Mines that the heart of a 
species of P ecten would not beat in sea water unless it is neutralized 
or slightly acidified, it seems worth noting that this is not general 
even for molluscs of this particular group. The heart of Pecte- 
nella will beat in normal, neutral, acid, or hyperalkaline sea water, 
and even in hyperalkaline NaCl solution. 
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DIETARY DEFICIENCIES OF THE MAIZE KERNEL * 

By E. V. McCOLLUM, N. SIMiMONDS, and W, PITZ. 

{From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin, Madison.) 

(Received for publication, October 23, 1916.) 

It is a well known fact that young pigs cannot grow when con- 
fined to the maize kernel as the sole source of nutriment,^ and the 
reasons for the failure have now been made approximately clear. 
We have seen pigs grow well during several months when l i m i ted 
to a mixture of com kernel (maize) 70 per cent and gluten feed 
30 per cent (maize), supplemented with a suitable inorganic salt 
mixture when dfetilled water only was supplied. Without the 
salt additions early cessation of growth, loss of appetite, stiGFness 
of joints, and roughness of coat revealed a serious condition of 
malnutrition. When given natiiral water and allowed access to 
the soil nearly normal growth was observed, during several 
months without salt additions. 

In the present paper we present the results of a systematic 
series of experiments with ground maize in which single or mul- 
tiple additions of purified food substances were made. These in- 
cluded protein, inorganic salts, and butter fat to supply the im- 
identified dietary factor, the fat-soluble A. Numerous experi- 
ments have shown that the second as yet unidentified dietary 
factor, the water-soluble B, is furnished in great abundance by 
even 70 per cent of maize in the diet (Chart 5). 

The method of procedure was similar to that which we have 
described in connection with our studies of the dietary deficien- 
cies of wheat, rice, and wheat embryo^ and the results make it 
clear that the dietary properties of the maize kernel are veiy closely 

* Published with the permission of the Director of the Wisconsin Ex- 
periment Station. 

^ Hart, E. B., and McCollum, E. V., J. BioL Chem., 1914, xix, 373- 

* McCollum, E. V., and Davis, M., J, BioL Chem,, 1915, xxi, 615. 
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similar to those of the wheat kernel. The conclusions may be 
briefly summarized as follows: 

1. The proteins of the maize kernel contain all the amino-acids 
essential for growth, but the proportions of certain of them are 
such that they are not utilizable to a high degree as the sole source 
of protein. When other factors affecting nutrition were properly 
adjusted, we have seen growth at about two-thirds the normal 
rate over a period of 6 or 7 months, on a diet in which all the 
protein was derived from 91 per cent of ground maize in the ra- 
tion (9 per cent of N X 6.25) (Chart 4). 

2. The maize kernel contains both the unidentified dietary fac- 
tors, the fat-soluble A and water-soluble B. The former is pres- 
ent in amount too small for the maintenance of growth at the 
maximum rate in rats, and regardless of how satisfactorily the 
maize kernel is supplemented in other respects, failure of perfect 
nutrition will supervene within a few months unless some food- 
stuff containing the fat-soluble A (butter fat, certain other fats, 
leaves of plants, etc.) is supplied (compare Charts 5, 6, and 7). 
Hot alcohol extracts the fat-soluble A from the maize kernel. 
We have supplemented the low content of the dietary A of maize 
with an alcoholic extract of maize and have induced development 
more closely approximating the normal than without this addi- 
tion, followed by reproduction and rearing of the young (Chart 

9 ). 

3. Like other grains which we have studied, maize contains an 
abundance of the unidentified dietary factor, the water-soluble 
B. This is made evident by the fact that the maize kernel can be 
supplemented so as to produce normal nutrition by the addition 
of a suitable purified protein, inorganic salts, and butter fat, none 
of which carry this dietary factor (Charts 6 and 8). 

4. The inorganic content of the corn kernel is not of a character 

suitable for the promotion of growth. We have found it neces- 
sary in all cases to make salt additions to rations deriving th^^ 
inorganic contents principally from this source, regardless of t ® 
nature of the other purified food ingredients added, before growt 
could take place (Chart 8). . 

5. The addition of purified protein and salts (Chart 6) or 
butter fat and salts (Chart 4) to the maize kernel fails to m uce 
physiological well-being throughout the life of the animal. 
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addition of protein and butter fat without salts (Chart 8, Period 
1) forms a poorer food mbcture than the pairs of additions first 
named (compare Charts 4 and 6 with Chart 8, Period 1). While 
we have seen pigs grow during several months when the diet was 
restricted to the maize kernel fortified with additional maize pro- 
tein (gluten feed) and inorganic salt additions, perfectly normal 
reproduction has never been observed on such rations. Young 
were bom but the mother failed to rear them. This ration was 
directly comparable with that of Lot 569 (Chart 6). 

The experiments here reported with rats confirm our observa- 
tions with swine on certain rations derived solely or principally 
from the maize kernel and extend the experimental data relative 
to the quantitative values of the maize kernel as respects the 
several dietary factors. We shall report later the results of feed- 
ing high planes of intake of maize proteins. 

We have attempted several times to nourish young rats with a 
diet restricted to the germ of the maize kernel, and to mixtures of 
the maize germ and whole ground maize in several proportions. 
These attempts have been uniformly unsuccessful (Chart 10). 
Two samples of germ from different dealers were employed. We 
are not certain just what treatment these had received, but both 
appeared to be wholesome products. It is evident from these 
trials that it is not easy, if at all possible, to make up a satisfactory 
ration wholly derived from the com kernel and its parts. The 
nature of the dietary deficiencies of the corn germ constitutes a 
problem in itself. 
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Chart 1. Lot 455 shows the failure of rats to make any appreciable 
growth when restricted to a diet of ground maize 98 per cent and eaiciutn 
lactate 2 per cent. 




Ga lactaia 1 2.0 
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thereafter the animals remamed stunted. 
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Chart 3. Lot 615 illustrates the fairly satisfactory growth during the 
first 2 months on a ration closely similar to that of Lot 456, Chart 2, except 
that 5 per cent of butter fat replaced 5 per cent of maize. All the com- 
ponents of a complete food are present in this ration. Failure to complc e 
growth to the normal adult size shows a lack of proper adjustment among 
the several dietary factors. Results such as these suggest the explanation 
of the etiology of the “deficiency diseases.” We have elsewhere discusse 

this question in some detail.® 


3 McCollum, B. V., Simmonds, N., and Pitz, W., Am. J. Physiol, 1916, 
xli, 333. 
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Ghaut 5. Lot 568 furnishes further evidence that the restncted g 
of the rats in Lot 619 (Chart 4) was due to the poor , g 

of the corn kernel. Lot 568 differed essentially from Lot 619 m 
portion of the maize replaced by a pure protein caseim 
plemented growth was normal to the usual adult size. T a ^ 

Ll is lacking in the necessary amount of the fat-soluble ^ 
comparison of the records of the above chart with Cha,rt , 

ration differed essentially from that of Lot . protein and 

„„ b.ll.r f.l. Without tho lottor .dditiou, the ,dj,t,oo of pro^ , 
Balts to Ihe maize kernel served only to induce growth 


normnl rate- 
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Chakt 7. Lot 642 shows, when considered in the light of our experience 
with rations made up of purified foodstuffs, that the maize kernel contains 
some of the fat-soluble A, but not enough to support growth. Unpub- 
lished data in our records indicate that 1 per cent of butter fat does not 
supply enough of the indispensable dietary factor, the fat-soluble A, to 
support growth. This amount when supplemented by the content of the 
dietary A in 75.3 per cent of ground maize induces nearly nonnal growth 


during 4 months. Compare Charts 6 and 7. 
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Chart 9. Lot 643 derived all its supply of the fat-soluble A from tbe 
maize kernel. Each 100 gm. of ration carried a hot alcoholic extract of 
100 gm, of ground maize. This contained enough of the dietary A to sup- 
plement that contained in 76.3 per cent of maize in the food mixture, so 
that the animals were able to grow nearly to the full adult size. After 
nearly 7 months on this diet the female in this group produced and success- 
fully weaned a litter of four young. The four young at the age of 59 days 
weighed 213 gm. The records of the rats in Chart 9 furnish conclusive 
proof of the presence of this dietary factor in the maize kernel. 

A point deserving special emphasis which all our experimental data sup- 
port is the high content of the dietary factor A in the leaf of the plant 
contrasted with the seed. 30 to 40 per cent of alfalfa leaves in a grain mix- 
ture supplies an adequate amount of this unidentified substance. Consm- 
erably more than the content of 100 per cent of maize kernel or wheat ker- 
nel is required to induce normal nutrition. While ether does not extrac 
the dietary A with the fats from plant tissues^ the results of the 
ments recorded in Chart 9 show that it is removed from the maize kerne 


by hot alcohol. 


♦ McCollum, Simmonds, and Pitz, Am. J. Physiol., 1916. sli, 361. 
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Chabt 10. Lots 577, 578, and 579 illustrate the failure of young rats to 
make any growth on combinations of maize kernel and its germ in various 
proportions. It is evident that it is not easy, if at all possible, to com- 
pound a ration from the maize kernel and its parts which will properly 
nourish an animal. This grain must be judiciously combined with other 
foodstuffs to obtain best results. 






A PERFUSION PUMP. 


Bv F. B. KINGSBURY, 

{From the Biochemical Laboratories, Department of Physiology, Medical 
School of the University of Minnesota, Minneapolis ») 

Plates 2 and 3. 

(Received for publication, October 13, 1916J 

Several pumps for perfusing surviving organs have been de- 
scribed in the literature, but it seemed to the writer that a new 
pump of simpler construction could be devised which would be 
a distinct improvement on those already existing. Two require- 
ments seem to be of fundamental importance : first, that the mate- 
rial of which the pump cylinders, pistons, and valves are made, 
the material which comes in contact with the blood or other per- 
fusing liquid, should be of glass or hard rubber, and not of metal, 
since the use of the latter might introduce complications, either 
because of the possible toxicity of the metal to living material, 
or because of the chemical action of the metal upon the perfusing 
liquid; secondly, it seems safe to assume that pulse pressure is of 
fundamental importance in maintaining the normal functions of 
any organ or tissue. Gesell,* working with dog kidne3»^s, has re- 
cently shown that if the pulse pressure is diminished the func- 
tional activity of this organ is distinctly lowered. It seems im- 
portant, therefore, that a pump to be effective should be capable 
of imitating the normal pulse pressure curve. 

Friedmann^ has devised two rather elaborate perfusion pumps. The ma- 
terial of which the cylinders, pistons, and valves were made appears to 
the writer to be metal, from the appearance of the photographic reproduc- 
tion and because of the difficulty of constructing valves such as Friedmann 
used out of any other material. One of these pumps is so designed, as ap- 
pears from the drawings, that it would probably deliver a pulse pressure 
similar to that of an animal. The other pump is not so designed. 


' Gesell, R. A,, Am. J. Physiol., 1913, xxxii, 70. 
^ Friedmann, E., Biochem. Z., 1910, xxvii, 87. 
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Perfusion Pump 

The pump described by Richards and Drinker^ is a distinct advance in 
that the cylinders, pistons, and valves are made of glass instead of metal. 
This pump will produce a pressure curve of the right shape. The chief 
objection to glass is that it is such a difficult material to work with, as 
pointed out by these investigators. The valves of this pump are rubber 
tubes which are mechanically compressed in closing, and properly con- 
structed cams insure the correct timing of the opening and closing. I have 
found that two Bunsen valves, as shown in Fig. 1, serve this purpose ade- 
quately since I hav^e been able to produce pulse pressure curves which are 
similar in form to the normal arterial pulse curve. These curves are shown 
in Fig. 2. 

The two pumps described several years ago by Brodie^ do not meet the 
requirements as far as the form of pulse pressure curve is concerned. 
Hooker^ has called attention to the fact that a pump in which the crank 
axle revolves about a fixed point, as is the case with Brodie's pumps, pro- 
duces a curve having nearly the same velocity of rise and fall, entirely un- 
like the normal arterial pulse which reaches its maximum quickly to fall 
off to its minimum slowly. Hooker has made use of a suitable cam and a 
sliding pump carriage to attain this end. I assume, from lack of knowl- 
edge to the contrary, that the cylinders, pistons, and valves of this pump 
were made of metal. 

Since glass is a difficult material out of which to make cylinders 
and pistons, and because the use of metal for this purpose is in- 
advisable for the reasons already stated, I have used hard rubber 
for these parts. Glass valves were first tried, but they proved 
imsatisfactory, as was also found to be the case by Richards and 
Drinker, and Bunsen valves were substituted. In this type of 
valve there is a very slight regurgitation, but this is an advantage 
over the mechanically operated valves used by other inve^i- 
gators, in the opinion of the writer, since a closer approximation 
to the normal heart action is attained. 


Description of the Pump, 

The pump consists of a hard rubber cylinder snugly fitting an 
enclosing cylinder of brass, threaded on each end to revive bras 

caps. By screwing these up, the hard rubber nozzle of the pu p 

. Sktotl", A. N., md Drinker, O. K., J. P»nr«. and «<'•. «“• 

Sdk, T, G, 1903, m Brrfie, T. G, .nd M™, 

w T? ibid.. 1903''O4, XXX* 476. 

Hooker, D. B., Am. J. Physiol, 1910-11, xxvu, 24. 
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is held in water-tight contact with the cylinder. Text-fig. 1 il- 
lustrates the construction and method of attachment of these 
parts. The piston, turned to fit the cylinder, is made of hard 
rubber and has three grooves in it to receive packing thread. 
The brass piston rod is connected with a cross head of brass trav- 
eling on two steel rods. This is attached to a connecting rod of 
brass which is in turn clamped by a thumb screw to an oscillating 
steel beam with a slit in it so that the length of pump stroke may 
be regulated by clamping the head of the connecting rod at the 
desired place on the beam. The latter is actuated by a rotating 
cam on the filling stroke of the pump, and by a steel spring on the 
emptying stroke. The cam is of the proper shape to produce the 
characteristic pulse pressure curve, and rotates clockwise. 

0 



Text-Fig. 1. J inch cylinder and nozzle. Actual size. A, nozzle. B, 
cylinder. C, ring to adapt nozzle to cylinder (hard rubber). 


Two sets of pistons and cylinders are provided, one of | inch bore 
and the other of f inch bore. By means of the former the output 
of the pump per stroke may be varied from 0.45 cc. to 2.50 cc,, 
and by the latter from 1.00 cc. to 5.70 cc. The steel beam is 
marked at certain intervals and the corresponding output vol- 
umes are known. 

The tension of the spring may be regulated by loosening the 
lock nut on the beam shaft and moving the spring arm forward 
or backward. As shown in Fig. 3, the screw to which the spring 
IS attached is only temporary, the original design calling 
for a suitable means of adjusting the spring tension at this 
point also. The spring must be powerful enough to hold the 
beam against the revolving cam at all periods of the stroke, re- 
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gardlcss of the length of the stroke and the size of cylinder and 
piston used. In this case the pulse wave is dependent entirely 
upon the shape of the cam and is independent of the spring. 

As shown in Figs. 3 and 4, the cam shaft is equipped witli tT?o 
puUey wheels of different diameters. Either of these may be 
belted to any one of four grooves in the driving wheel. The 
latter is attached to a shaft, driven a worm gear directly con- 
nected with a i horse power direct current motor. The motor is 
started by means of an eight point rheostat, thus giving eight dif- 
ferent motor speeds. The worm gear used by the rvriter gives a 
speed reduction of 1 to 80, and the possible variations obtainable 
ate from 14 to 96 strokes per minute. Higher speeds may easily 
be obtained by using a worm gear of smaller speed reduction, and 
this is recommended, particularly if the organs of small animals, 
as cats and rabbits, are to be perfused, since the pulse frequency 
of these animals may be twice or more than twice the maximum 
frequency obtainable unless a very large driving pulley is used. 
The worm gear, driving pulleys, motor, and rheostat are not 
shown in the figures. As previously noted, the pulse pressure 
curve produced by the pump is dependent only upon the shape 
of the cam provided the actuating spring is sufficiently heavy. 
When the pump is adjusted for a large output per stroke, the 


spring tension must be much greater than u'hen the output is 
small. If the spring tension is not sufficient to hold the beam 
against the rotating cam at all positions, a pulse pressure curve is 
produced which is more or less dependent upon the spring tension 
itself since the latter does not expel the liquid from the pump with 
sufficient velocity to hold the beam against the cam as the point 
of the latter falls away from it. The -writer uses several springs 
of different degrees of stiffness to fulfil these requirements. The 
amount of power necessary to run the pump is, a prion, greatly 
increased by increasing the volume of output, and this must be 
taken into consideration by providing a belt sufficiently heavy « 


carry the increased load put upon it. 

Text-fig. 2 shows the construction of the driving cam. A cir 
of i inch radius is described with C as a center and the diame e 
A® draw. Witt 0 aa a center (OB - 1 inch) an arc 
described. From C a line drawn at 60 degrees to ACB, 

t be at P. From P a line is *awn «« «“ 

rirde of which ACB is the diameter, completmg the ca . 
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Text-fig. 1 shows the f inch cylinder and its nozzle. The same 
nozzle fits the ^ inch bore cylinder also. In the assembled pump, 
shown in Figs. 3 and 4, the nozzle and cylinder are held in water- 
tight contact by the two brass caps which screw on to the ends 
of the brass supporting cylinder. It is impossible for the per- 
fusing liquid to come in contact with the brass caps or brass 
cylinder, or in fact with any metallic part. 

Fig. 1 shows the two cylinders, two pistons, nozzle, and the 
two Bunsen valves. The latter, simply rubber tubes having short 

3 >\ 

\ 


\ 

\ 



Text-Fig. 2. The cam. Actual size. 


longitudinal slits in them, closed at one end with short pieces of 
glass rod, are attached to the ends of a Y-tube. This is connected 
by a rubber tube which is short to lessen the amoimt of dead 
space in the pump and connections. 

Fig. 2 shows kymograph records at different drum speeds of 
pulse pressure tracings imder different conditions of pressure 
and volume of flow. In making these, a Marey’s tambour with 
rubber drumhead suflSciently heavy to withstand a high pres- 
sure, was connected by means of a T-tube to the outlet valve of 
the pump. The other end of the T-tube was connected to a 
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second T-tube, one end of which was attached to a meroury 
manometer and the other end to a safety valve made by dipping 
a glass tube to the required depth in a vessel of mercurj’’ contained 
in a large basin. The outflow of the pump then escaped through 
the column of mercuty into the vessel containing it when the re- 
quired pressure was reached; and flooding this, flowed into the 
basin. This safetj’* valve also served as a means of producing 
capillaty resistance artificially. The data obtained in making 
these tracings are shown in Table I. 


TABLE I. 

J Inch Bore Cylinder* 



Kwjrd A, 

Keconi B, 

Systolic pressure, mm. Hg 

142 

150 

Diastolic “ 

no 

100 

Pulse “ “ “ 

32 

' 50 

Strokes of pump per minute 

' m 

m 

Flow of fluid per minute, cc 

S5 

127 


The pulse pressures recorded in Table I are somewhat lower 
than others obtained without connecting in the tambour on ac- 
count of the fact that the latter, being fairly large and elastic, 
acted as a reservoir and diminished the difference between 
systohc and diastolic pressmes. 


TABLE n. 


Details of Construction. 


Brass pump base. 

standard — 

Steel beam 

“ spring arm 

Brass connecting rod, 

Hard rubber odinders 

« “ pistons., 

Brass piston rods 

Maximum stroke of piston — 
Minimum — 

Cross head standard 

Steel cam skaft 

“ beam shaft 

Pulleys 

Center of cam shaft to center 

ft <c (C « « 


8A' X 2' X r 

7*" high, of brass. 

or X r X i', 5r snt. 

iong, 



3A' 

I' " 

m' " 

4 

V 

31*’ long, over all- 

5|' -v 

41' X A’ . ^ 

IF and ir belt centers- 

of beam shaft- I' horizontal distant®; 

« « « . If' perpendicular distanc 
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I have used the pump described in the foregoing pages in the 
perfusion of dog livers and kidneys. It is just as ■well adapted 
■where a continuous flow is required, in the former case, as in the 
latter where a pulse pressure is necessary. In the former case 
the pump pulsations are obliterated by means of an air reservoir 
in the system. The only parts of the pump requirmg- much at- 
tention are the pistons and these must be freshly packed ■with 
thread occasionally. Vaseline is used as lubricant. 

In concluding I "wish to thank Mr. L. U. Boyle, the mechanic 
of the Medical School of the University of Minnesota, who made 
the pump, for helpful suggestions in carrying out the details. 
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THE MECHAITISM OF THE DIFFUSION OF ELECTRO- 
LYTES THROUGH THE MEMBRANES OF 
LIVING CELLS. 

IV. THE RATIO OF THE CONCENTRATION REQUIRED FOR THE 
ACCELERATING AND ANTAGONISTIC ACTION UPON 
THE DIFFUSION OF POTASSIUM SALTS. 

By JACQUES LOEB. 

(From the Laboratories of The Rockefeller Institute for Medical Research,) 
(Received for publication, October 23, 1916.) 

I. 

We have thus far considered only two critical phenomena in the 
effect of a second salt upon the rate of diffusion of KCl through 
the membrane of the Fundulus egg; namely, that a moderate 
concentration of the second salt accelerates, and a somewhat 
higher concentration retards the rate of diffusion of KCl. The 
retardation is the antagonistic salt action^ while we called the ac- 
celerating effect upon the rate of diffusion the salt effect In re- 
ality there are two more critical points. When we put washed 
eggs of Fundulus (i.e., washed for 24 hours in H 2 O) into m/8 KCl 
solutions made up in various concentrations of a second salt (or 
of a balanced salt solution) we find that the retardation in the 
diffusion of KCl by a second salt, if plotted in a curve, fre- 
quently shows two maxima, B and D (Figs. 1 and 2), and three 
minima, A, C, and E, In these curves the logarithms of the con- 
centration of the second salt (or mixture of salt^) are represented 
as abscissae, the percentage of hearts beating after from 4 to 6 
days in each concentration as ordinates. The maxima, therefore, 
mean a retardation of the rate of diffusion of KCl (antagonistic 
salt action), the minima mean a rapid diffusion of KCl (general 
salt effect). A is the effect of a pure m/8 KCl solution (i.e., 
an m/8 KCl solution made up in H 2 O. We find that the addi- 
tion of a little salt retards the rate of diffusion (point 5), that a 
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2- . , A,, 

Fias. 1 and 2. Retardation of the diffusion of u/8 KCl | ^ ^ 

the addition of a second salt (or a mixture of salts) of 

days, m /8 KCl was made up m HjO and m increasing 
the second salt. The logarithms ^ rolntage of heart® 

are on the axis of abscissie, f^^Auantity of salt retards 

not yet poisoned. The curves show that a * f “"V^.^es (point C), 

(point B), that a somewhat greater Retards considerably 

and that a still greater concentration (point antagonistic 

the diffusion of KOI into the egg. influence of a second salt upon 

salt action. The retarding or «"*«5omstic mfluence^o ^ 

the retardation of m/8 KCl ^ constant while B may b® 

one B, and a higher representing the 

lackine The two summits are separatee oy 

accelefating salt efcce. 
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little more salt accelerates the rate of diffusion (the general salt 
effect, point C), and that a still higher concentration retards the 
diffusion again (point D), antagonistic salt action, A still higher 
concentration of the second salt E kills the eggs very rapidly, 
but this effect does not concern us here since it is plainly due to 
the diffusion of the second salt into the egg. The correctness of 
this view is demonstrated by the fact that the upper concentration 
at which the antagonistic effect ceases is lower for non-balanced 
solutions {e.g,j NaCl or NaNOs) than if these solutions are bal- 
anced through the addition of Ca or Mn. Both Ca and Mn retard 
the diffusion of the sodium salts into the egg, as shown in the first 
paper of this series. This effect of a high concentration is also 
observed if a non-electrolyte is added to the u/8 KCl solution, 
while the peculiarities connected with lower concentrations of the 
second salt (the two antagonistic maxima separated by the accel- 
erating minimum) are not observed in the case of the addition of 
non-electrolytes to a KCl solution. 

Moreover, while an m/8 KCl solution does not kill the embryo, 
but causes only a reversible cessation of heart beat, at the fourth 
critical point, Ey the embryo is killed and undergoes coagulation. 
We may, therefore, omit this phenomenon from consideration in 
this paper, which deals only with the diffusion of potassium salts 
through the membrane. 

As far as the influence of the second salt is concerned we there- 
fore have to consider the following facts. The diffusion of an 
m/8 KCl solution is retarded by a low concentration of a second 
salt (point B in the curve), accelerated by a somewhat higher con- 
centration (salt effect, point C), and is considerably retarded by 
a still higher concentration of the second salt (antagonistic salt 
action, point D in the curve). 

It may be well to point out a parallelism between these obser- 
vations and the precipitation of globulins by salts, not because 
we have any reason to think of the existence of globulins in the 
membrane, but because it suggests the possibility that the ele- 
ments of the membrane which deteimine the salt effect might 
be proteins. We have already mentioned the fact that Hardy’s 
valence rule of the precipitation of proteins is applicable to the 
general salt effect; namely, that the efficiency of Cl : SO 4 : citrate 
is as 1 : 4 : 16. Concerning the globulins the following state- 
ment of Hardy is of interest. 
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Globulin solutions can be precipitated by neutral salts, and in this 
respect they exhibit very characteristic relations. Each salt acts as a 
precipitant at low concentration, and at high concentration. Between 
these two it acts as a solvent. The first precipitat’on occurs only when 
acid or alkaline globulin is present, and it is similar to the precipitation 
of hydrosols by small concentrations of salt in that the colloid particles 
are electrically charged. The second precipitation is a separation of 
solid globulin from a solution of salt globulin, and it is the precipitation 
of the colloid from a hydrosol in which the colloid particles are com- 
pletely unchanged.' 


The membrane of the egg of Fundulus is surely not a globulin, 
but the analogy in the general character of the curve in both 
cases is worthy of notice. 

The analogy between our observations and the behavior of 
the globulins may be carried further. When we free the mem- 
branes of the eggs of Fundulus from salt at their external surface, 
by washing them in HjO or in a solution of a non-electroIyte, 
KCl can diffuse through the membrane after enough of it has 
combined with the external surface to supply the salt effect neces- 
sary to make the diffusion possible. In the same way the dif- 
‘usion of acid through the membranes of washed eggs can he 
ixplained (third paper of the series); namely, that acid can only 
iiffuse through after having combined with a certain constituent 
jf the membrane and having thus supplied the salt effect. Ac- 
cording to our observations the efficiency of acid for the pro- 
duction of the salt effect is several hundred times greater than 
that of neutral salts. According to Hardy the solvent 
of acids for globulins is from 200 to 500 times greater than tha 
of neutral salts. , 

According to Sutherland,® the concentration of salts at w _ 
the precipitation of globulin just begins (i.e., where 
tating power just exceeds the solvent power of a salt) is a o 
forty times that which produces complete solution 
globulin (based on MellanbyV observations). If rve , 

analogous points in the influence of the concentration o 
salt upon the diffusion of potassium salts through th me 


‘H«dy, W, B., J. Physiol., 1905-06, xxxiii, 255. 

« Hardy, J. Physiol., 1905-06, .xxxiii, 336. _ 

» Sutberland, W., Proc. Roy. Soc., Series ^, 1907, hoax, 1 
‘Mellaaby, J., J. Physiol, 1905-06, xxxin, 338. 



Jacques Loeb 


179 


we should have to compare the concentration of maximal salt 
effect (C in our curves) in the diffusion of potassium with the 
concentration for maximal solution of globulin; and the con- 
centration for beginning precipitation of globulin with the con- 
centration of beginning antagonistic action to the diffusion of 
potassium (between C and D of our curve). While it is not too 
difficult to identify the point of maximal salt effect, the con- 
centration for the beginning of the antagonistic action is difficult 
to establish. We must instead select another concentration; 
namely, that at which the antagonistic action is clearly estab- 
lished or a maximum, i.e., point D of our curve. The two values, 
namely, that for maximal salt effect (C) and the maximal antago- 
nistic effect (point Z>), were determined in the earlier experiments 
on the fish itself. With m/100 KCl as the toxic concentration, 
the addition of less than eight or ten molecules of NaCl to one 
of KCl produced the maximal salt effect, and the addition of 
seventeen molecules of NaCl produced the marked antagonistic 
effect.^ Hence the ratio of the two critical values of NaCl for 
•the antagonistic effect and the maximal accelerating effect for 
the diffusion is as 17 : 8 or about 2 (or a little more). 

We ascertained this ratio for the eggs of Funduhis in natural 
and artificial sea water and in different sodium salts to find out 
what the value would be and whether it would be constant for 
different salts. Eggs about a week old were washed for 24 hours 
in H 2 O and then put into m/8 KCl made up in H 2 O, and in salt 
solutions of different concentrations. The concentrations of the 
various salts which showed an unmistakable accelerating and 
antagonistic effect were ascertained for each salt. It was neces- 
sary to wait for from 4 to 6 days to be siue that the correct values 
for the two effects were observed. Table I gives the results 
for various Na salts, alone and in balanced form. 

This table allows us to compare the values for the ''salt effect” 
(f.e., the acceleration of the diffusion of KCl through the mem- 
brane) with the values for the antagonistic effect {ix., the in- 
hibition of the diffusion). The former values in the table are 
in bold-faced type. 

The ratio antagonistic effect: salt effect is given in Table II. 


® Loeb, J., and Wasteneys, H., Biochem. Z., 1911, xxxii, 155. 
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TABLE I. 


Percentage of Trashed eggs Tvith beating hearts in m/8 KCl in 
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♦ These eggs had been washed for 6 days in H-O. 


TABLE IL 



Concentration 
giving 
salt effect* 

Concentration 

giving 

antagoiustic effect. 

Hatio, 

antagonistic effeett 
gait effect* 

NaCl 

m/4 

m/ 2 to m/1 

About 2 

]!^aN05 

m/4 

m/ 2 to m/1 

« 2 


m/4 to m/8 

m/2 

« 2 



"NTo nopt.ntf^ 

m/32 

m/16 

" 2 

'NTrt- +.«Tfrn.f.ft 

m/64 

! m/32 

\ " 2 

Nn^SOi 

m/8 

m/4 

« 2 

Naa citrate 

m/512 

m/256 to m/128 

1 tt 2 


For all the sodium salts the concentration required for th 
atagonistic effect is about W as high as that reqimed fo 
be salt effect. These experiments aUow only 
aation of the values, and it will be necessapr to repe t 
:rthey show that their value - 

■ound for the fish. The general order f liom 
the salt effect is about the same as that jc 

^^5Lt with the exception tc 
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the second paper only the second salt, and in the experiments in 
the third communication only the KCl existed in the outside 
solution of the eggs. 

The analogy of these experiments with those on globulins is 
by no means complete. In the globulin experiments it is the 
same salt which in different concentrations causes solution and 
precipitation of the globulin. If the analogy were complete 
we should expect that KCl would prevent its own diffusion in 
a high enough concentration. The writer has in the few pre- 
liminary experiments not yet been able to find such a phenome- 
non, though a continued search may reveal it. For the pre- 
vention of diffusion of KCl a second salt seems to be required; 
while the salt effect can be supplied by either the potassium salt 
itself or by a second salt, e,g,y sodium salts. The fact that the 
potassium salt in a sufficiently high concentration does not supply 
its own antagonistic effect may, however, have another reason. 
The antagonistic effect (like the general salt effect) is based upon 
a reaction between the antagonistic salt and a constituent of 
the membrane (presumably one or more proteins), which re- 
quires time. Since it requires less time to producq the salt effect 
for the acceleration of the diffusion, it would follow that in a pure 
KCl solution of a very high concentration enough KCl would 
have time to diffuse through the membrane to cause cessation 
of the heart beat before the antagonistic effect in the membrane 
had time to establish itself. 


II. 

Sometimes the salt effect is more easy of demonstration and 
sometimes the antagonistic effect, according to the method of 
experimentation. Eggs poisoned with KCl are not able to re- 
cuperate in solutions of non-electrolytes but will recuperate in 
the proper salt solutions. In this case we could only perceive 
an accelerating effect of the salts, but were not able to demon- 
strate an antagonistic effect by raising the concentration of the 
salt. 

If, however, we try to poison the eggs with an m/8 KCl solu- 
tion and add a second salt we can demonstrate the acceleration 
of the diffusion into the egg (the general salt effect) in the case 
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In these experiments in which a second salt was always 
present with the KCl in the outside solution the antagonistic 
action could be more generally demonstrated than the accelerating 
effect. This is the reverse of what was found in the recovery 
experiments where only one salt was present in the outside solu- 
tion and where the general salt action was clear but where no 
antagonistic action to KCl could be demonstrated. 



ELIMINATION OF MALAXES AFTER SUBCUTANEOUS 
INJECTION OF SODIUM MALATE.*t 

By LOUIS ELSBERG WISE. 

(From the Pharmacological Laboratory j Bureau of Chemhiryf United States 
Beparlment of Agriculture j Washirigton.) 

(Received for publication, October 22, 1916.) 

Ohta^ appears to be the only investigator who has studied the 
fate of malic acid in the animal body. He succeeded in isolating 
an appreciable quantity of malic acid from the urine of a dog 
which had received subcutaneous injections of sodium malate 
in large amounts. The acid thus isolated was fully identified 
by its melting point, its optical rotation, and by means of an 
elementary analysis. Ohta also described in some detail ex- 
periments on a few rabbits and dogs which had received fairly 
large quantities of sodium malate per os and by subcutaneous 
injection. By determining the percentage of malic acid in the 
urine of his experimental animals, Ohta concluded that in some 
cases malates escaped complete oxidation in the body. The 
percentage elimination was, however, always small, never ex- 
ceeding 5 per cent of the amount given by mouth, and never 
more than 6 per cent of the amount injected subcutaneously. 

The present paper gives the results of a comparative study of 
the elimination of malates following subcutaneous injection of 
sodium malate in rabbits and in cats. In view of the incom- 
pleteness of Ohta^s protocols and the meagemess of his analytical 
data, some of his experiments have been repeated. 

* Published with the permission, of the Secretary of Agriculture. 

, t This problem was suggested by Dr. William Salant, Pharmacologist 
in charge of the Pharmacological Laboratory, Bureau of Chemistry, United 
States Department of Agriculture. 

^ Ohta, K., Biochem. Z., 1912, xliv, 482. 
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EXPERIMENTAL, 


Analytical Procedure, 


Repetition of Ohta^s work led to an examination of his method for the 
determination of malic acid in urine. His procedure involves a modi- 
fication of Yoder^s polariscopic method^ for the determination of malic 
acid in maple products. This method depends on the enhancement of 
the levorotation of malic acid solutions caused by the addition of uranyl 
acetate. 

In his preliminary experiments, which need not be given in detail, 
Ohta used 5 cc. of a saturated aqueous solution of uranyl acetate for every 
10 cc. of normaP urine to which known quantities of malic acid had been 
added. He assumed that the uranyl acetate was then present in excels, 
and after filtering his mixture, polarized the clear yellow filtrate and cal- 
culated the amount of malic acid by the use of Yoder’s empirical fonnula. 
The fact that he could recover 93 per cent of the malic acid added seemed 
to show that his technique was correct, and the procedure was followed 
in determining the amount of malic acid eliminated by his experimental 
animals. 

In a series of experiments in which Ohta^s method was used on normal 
urines containing known amounts of malic acid, the authoV was in some 
cases able to recover 88 per cent of the malic acid present. In other urines, 
however, the filtrate after uranyl acetate addition was optically inactive, 
and it was impossible to show even the presence of malates. It soon 
became evident that the success in following Ohta's procedure depended 
on the nature of the individual urines examined. In some cases phos- 
phates or other urinary constituents caused complete precipitation of 
the uranium reagent, leaving an optically inactive filtrate, and thus in- 
validated the test. It was found necessary, therefore, to devise a modifi- 
cation which would insure a true excess of uranyl acetate in the filtrate 
used for polarization. 

The following analytical procedure, involving a slight but 
essential modification of Ohta’s method, was found satisfactory 
for the determination of small amounts of malate in urine. J 
cc, of urine, ^ neutralized (litmus) with normal NaOH or wit 
dilute acetic acid, depending on the initial reaction to 
were treated with 2 cc. of a 30 per cent acetic acid solution an 


* Yoder, P. A., /. Ind. and Eng, Chem,, 1911, hi, 569. 

s Malate-free urine, which after neutralization with NaO 
fied with varying amounts of acetic acid. ^ 

* If the urine is alkaline and contains a sediment, it i „p,,frAlke 

der the mixture acid with hydrochloric acid, filter, and exac y 

the filtrate with NaOH. 
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dilated \ritli water to 25 cc. ( or to some other definite convenient 
volume)/ Powdered uranyl acetate was added in large excess, 
the mixture boiled for about 2 minutes, and vigorously shaken. 
After heating, solid uranyl acetate still remained in contact with 
the solution. Upon cooling to room temperature, the solu- 
tion was again diluted 'to 25 cc. (or to the volume which obtained 
prior to heating), and the mixture allowed to stand no less than 
5 hours in a dark cupboard. At the end of this period the solu- 
tion was filtered into a 200 mm. or a 100 mm. observation tube 
and polarized at about 20*", using white light and the bichro- 
mate cell. The Bates saccharimeter was used in all determina- 
tions, the scale reading in degrees Ventzke. The percentage of 
malic acid present in the solution was found from data tabulated 
by Gore.^ By a simple proportion the amormt of malic acid 
in the initial volume of solution was computed and the weight 
of sodium malate estimated. 

Table I shows with what success the above method may be 
applied and also indicates the limitations of the method. 


TABLE 1. 

Results of Preliminary Experiments on a Method for the Determination of 
Malic Acid in Urine. 


Human 

« 

it 

it 

it 

it 

Rabbit. 

it 

it 

it 

u 

Cat 

it 


Urine (normal). 


Malic acid 
added to 10 cc. 
of urine. 

Malic acid 
recovered. 

mg. 

mg. 

12.5 

14.4 

25 

24 

50 

49.8 

125 

118 

125 

116 

100 

94 

37.5 

37.2 

50 

50.6 

50 

49.2 

100 

93.8 

None. 

None. 

100 

95 

100 

94.6 


‘ Gore, H. C., Report on Fruit and Fruit Products, J. Assn. Off. Agric. 
Chem., 1915, i, 481. 







188 


Elimmation of Malates 


Experiments have shown that the above procedure may be 
carried out with slight modification in the presence of glucose. 
In gfycosuria, it is essential tc make a polarimetric reading® 
prior to the addition of uranyl acetate, and to make allowance 
for the dextrorotation by adding it to the levo reading obtained 
after addition of the uranium reagent. 


Animal Experiments. 

Aqueous solutions used for injection ordinarily contained 
100 gm. of anhydrous sodium malate per liter of solution, and 
are referred to in the protocols as 10 per cent solutions. When 
occasional large injections were necessary’', 25 per cent solutions 
were used. Urines of the experimental animals were preserved 
with toluene and were analyzed as soon as possible after collec- 
tion. In each experiment a convenient aliquot portion of the 
total urine voided during a 24 or 48 hour pre-observational 
period was polariscopically examined according to the above 
I ^ procedure. In a few cases such urines §howed a neghgible op- 
* tical activity; ordinarily they were optically inactive. Aliquot 
portions of the urine eliminated during the 22 to 24 hour period 
following injection were examined and their malate content was 
determined. The urine of a second 24 hour period was also 
analyzed. In most cases all of the undestro 3 ^ed malic acid (found 
in the urine) was eliminated in the course of the first 24 hours 
following malate injection. In some individuals, however, small 
but appreciable quantities of malate could be recovered from 
the urine the 2nd day following injection. In such cases the 
amount eliminated was so small that further search for malate 
was ordinarily deemed unnecessar>^ 


Experiments with Oat-Fed Rahhits. 

Injection of sodium malate was in all cases followed b}’' marked 
elimination of malates in the urine. In two cases, 3.3 gm. o 
sodium malate per kilo of body weight were injected, but 
of our experimental animals (Rabbit 1) died withm 4 
after such an injection, the dose was decreased to 1 ^ 

in our o&er experiments. The protocol of ^ in 

should be noted that the percentage ehnunation of 

‘The error in glucose reading, owing to the very slight Ic'oro 
of the malic acid, is negligible. 



L. E. Wise 


189 


PROTOCOL 1. 

Subcutaneous Injection of Oat^Fed Rabbit 1 with S.S Gm. of Sodium Malate 

per Kg, 


Date. 

Time. 

Remarks. 

Oct. 30 


Weight 1.705 kg. 

Nov. 1 

9.00 a.m. 

48 hr. urine col- 
lected. 


11.20 

Injected subcu- 
taneously (two 
sites) 22.5 cc. 
of a 25 per cent 
sodium malate 
solution (z.e., 
6.63 gm. of sod- 
ium malate). 


11.50 « 

No symptoms 
noted. 


1.30 p.m. 

No symptoms 
other than di- 
arrhea. 


4.30 " 

No further symp- 
toms noted. 

« 2 

9.00 a.m. 

Muscular inco- 
ordination and 
tremors noted. 
Marked weak- 
ness of the ex- 
tremities. 


9.30 “ 

24.5 hr. urine col- 
lected. 

" 3 

9.00 “ 

Rabbit found 
dead. 


eUmination in nrino. 


Urine was optical- 
ly inactive after 
uranyl acetate ad- 
dition. Malates 
and other optically 
active substances 
absent. 


100 cc. Urine 
alkaline. 
Glycosuria. 


Dextrorotatory prior 
to uranyl acetate 
addition. Total 
elimination corre- 
sponds to 970 mg. 
of sodium malate 
(due correction be- 
ing made for glu- 
cose) = 17 per cent 
of the total malate 
injected. 
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PROTOCOL II. 

Subcutaneous Injection of Oat-Fed Rabbit 2 with 1 Gm. of Sodium Malate per Kg. 


Dato. 


Nov. 6 
" 8 


« 10 


Time. 


Noon. 
9.00 a.m, 


10.01 


11.10 

12.30 p.m. 

3.00 “ 

9.00 a.m. 


9.00 


Remarks. 


Food(oate). Water 


Weight 1.96 kg. 
45 hr. urine] 
collected. 


Not 
recorded. 


Injected sub-| 
cutaneously 


19.5 cc. of a 
10 per cent 
sodium ma- 
late solution. 

No symptoms 
noted. 

No symptoms 
noted. 

No symptoms 
noted. 

Animal appar-| 
ently nor- 
mal. ' 


Animal appar- 
ently nor- 
mal. 


Rations. 


80 


75 


Not 
recorded 


200 


120 


Urine eliminated. 


98 cc. of faint-| 
ly acid ur- 
ine. Albumin 
test-f-; slight 
glycosuria. 


88 cc. of urine] 
collected. 
Albumin, 
heavy trace;] 
sugar, trace. 


59 oc. 


Data relating to 
malato elimination 
in nrine. 


Urine was op- 
tically inac- 
tive aher 
uranyl ac- 
etate addi- 
tion. 

laics absent 


Total elimiD^' 
tion of Di®* 
late corre- 
sponds 

S8I tnp. 

sodium uic- 

lale^i6.5vf 
cent of 
total amoant 
injecled. 
Malates 


L. E. Wise 
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this case a minimal value, owing to the lack of a second 24 hour 
sample. Protocol II outlines a typical experiment with an oat- 
fed rabbit which received a subcutaneous injection of 1 gm. of 
sodium malate per kilo. 

It is needless to give further protocols. The results of experi- 
ments on oat-fed rabbits are summarized in Table II, 


TABLE II. 

Summary of Experiments on Oat-Fed Rabbits. 


llabbit. 

Sex. 

Description. 

Weight. 

Sodium 
malato 
injected 
per kg. of 
body 
weight. 

Sodium 

malate 

injected. 

Sodium malate 
eliminated. 




kg. 

gm. 

gm. 

gm. 

per cent 

1 

cf 

White 

1.705 

3.3 

5.63 

mm 

17.0 

2 

cf 

1 Belgian. 

1.96 

1.0 

1.95 

mm 

16.5 

3 

cf 

White. 

1.985 

3.3 

6.63 

1.42 

21.5 

4 

9 

Belgian. 

1.85 

1.0 

1.85 

0.06 

3.0 

5 1 

cP 

tt 

1.975 

1.0 

2.00 

0.17 

8.5 

6 ' 

& 

tt 

2.435 

0.94 

2.30 

0.247 

10,5 

7 

<P 

tt 

2.35 ! 

0.94 

2.21 

0.447 

20.0 

Average . . 






14.0 










Experiments with Carrot-Fed Rabbits, 

In these experiments the large volumes of urine eliminated, 
caused by the carrot diet, made it necessary to concentrate the 
urine by evaporation. Aliquot portions of these concentrated 
urines were used for malate determinations. Difficulty was 
experienced in obtaining concordant polarimetric readings, ow- 
ing to the dark color of the concentrates; hence the results given 
in Table III must be regarded as merely approximate. Since, 
however, these results are all of the same order of magnitude as 
those obtained in the case of oat-fed rabbits, it is apparent that 
the change in diet from oats to carrots is without effect on the 
elimination of malate. 

Experiments with Meat-Fed Cats, 

The experimental animals had previously been used in a 
series of experiments with sodium citrate. After recovering fully 
from the effects of citrate injection, the animals were kept xmder 
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TABLE nr. 

Sumviary of Experiments on Carrol-Fed Rabbits, 


Rabbit, 

Sex. 

Description. 

Weight. 

Sodftum 
malat© 
injected 
per kg. of 
body 
weight. 

Sodium 

malate 

injected. 

Sodium malate 
eliminated. 




kg. 

gm. 

ffm. 

gm. 

percent 

8 

' 9 

Maltese. 


■SI 



11.5 

9 ' 

9 

1 ti 

2.33 

■H 



mm 

10 

cf 

White. 

1.445 

m 


0.26 

■n 

11 

& 

Belgian. 

2.335 

1.0 

2.35 

0.25 

10.6 

Average . . j 








observation in separate cages for a month or more. The cats 
were in good condition and ate normally at the outset of the 
present experiments. 

A preliminaiy trial, in which doses of 3.3 gm. of sodium malate 
per kilo of body weight were subcutaneously injected into two 
cats, resulted in the death of one animal, whose urine during the 
observational period was not examined. In consequence the 
dose was decreased to 1 gm. per kilo. In general, these smaller 
doses caused no symptoms or, at most, a slight general depres- 
sion. Malates were invariably found in the urine after injec- 
tion, as shown in Table IV. 


TABLE IV. 

Suininary of Experiments on Cats, 


Cat. 


|Sex. 


1 

2 

3 

4 

5 

6 


Average 


Description. 


White and tiger. 
Black and white. 
Black. 

Gray and white. 
White and tiger. 


^yejght. 

Dose per 

ks. 

Sodium 

malate 

injected. 

Sodium xaaiai^ 
ehminated. 

kg. 

gi7X, 

gm. 

gm. 

perf^rU 

2.4 

1.0 

2.4 

0.90 

37.5 

2.4 

1.0 

2.4 

0.41 

17.0 

2.385 

1.0 

2,4 

I.OO 

41.5 

1.83 

1.0 

1.8 

0.31 

J7.5 

2.45 

0.94 

2.3 

0.44 

19.0 

1.98 

3.3 

6.63 

1.9 

29.0 

2.12 

0.94 

1.97 

0.42 

21.0 

26.0 


* Reinjected after making good recovery, 2 weeks after 
injection. 

Protocols III and IV are typical. 













i'KOXTCOL 

S^cutaneoxis Injection of Cat with 1 Gni» of Sodium Malale per Kg. 


Date. 


Nov. 15 


17 


18 




Rations. 


Data relating to 

Time. 

Hemarks. 



Urine voided. 

mal ate elimination 




Moat. 

Water. 


in urine. 



pm. 

cc. 



9.00 a.m. 

Condition of 

100 

40 

76 CC. 

Urine inactive 


animal good. 



Faint trace 

after addi- 


48 hr. urine 



of albu- 

tion of ura- 


collected. 



min. No 

nyl acetate. 





glyoosu- 

Malaies a6- 





ria. 

sent. 

10.50 

Injected sub- 






cutaneously 
24 cc. of a 
10 per cent 
sodium ma- 
late solu- 
tion. 





1.05 p.m. 

No 83 rmptom 8 






noted. 





2.50 “ 

No symptoms 






noted. 





4.25 “ 

No symptoms 






noted. 





9.00 a.m. 

Animal appar- 

100 

80 

56 cc. 

Test for ma- 


ently nor- 



Free from 

lates made 


mal. 



albumin 

on 10 cCi of 





and su- 

urine showed 



1 


gar. 

rotation of 
- 3.00° V. in 
a 100 mm. 
tube. This 
corresponds 
to a total 
elimination 
of 410 mg. of 

1 sodium ma- 
late; i.c., a 
17 per cent 
elimination. 

9.00 a.m. 


100 

30 

56 CC, 

Test on 10 cc. 






of urine 

showed ro- 
tation of 

- 0.35° V. 
Total elim- 
ination of 50 
mg. of sodi- 
um malate; 
t.c., 2 per 
cent. 

9.00 » 


100 

20 

58 CC. 

Malaies absent. 


xvcucivcu 1 giu. ui soaium ciiraie per Kg. subcv 
4, 1915. Weight of animal on Nov. 13, 1915, 2.4 kg. 
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PROTOCOL IV. 

Subcitiancous Injection of Cat 1* mth 1 Gm. of Sodium Malate per Kg. 


Time. 

Remarks. 

3 9.00 a.ra. 

Weight 2;4 kg. 
Condition 
good. 

9.00 “ 

48 hr. urine 
collected 
(49 hr. ra- 
tions). 

10.55 “ 

Injected sub- 
cutaneous- 
ly 24 cc. of 
a 10 per 
cent sodi- . 
um malate 
solution. 

1.05 p.m. 

No symptoms 
noted. 

2.50 

No symptoms 
noted. 

4.25 » 

No symptoms 
noted. 

9.00 a.m. 

Animal ap- 
parently 
normal. 

.9.00 '' 

Animal ap- 1 
patently 
normal. 


T>atc. 


Nov. 23 


“ 15 


« 16 


«c 17 


Kations. 


Meat. I Water. I 


pm, 


lool 


lOo; 


60 


90 


20 


Urine voided, 


102 cc. con 
taining 
neither 
albumin 
nor su- 
gar. 


105 cc. No 
albumin 
and no 
sugar. 


Data relating to 
malate cUmi nation 
in unne. 


85 CC. 


Test for ma- 
lates on 10 
cc. of urine 
negative. 


Test on 10 
cc. of urine 
shows a ro- 
tation uf 
-3.55*^^- JO 
100 nim. 
tube. This 
reading cor- 
responds to 
a total elimi- 
nation of 9{W 
mg. of sodi- 
mn malstej 

i.e., 37.5 per 
cent elimi- 
nation. 

Test for ma- 
lates on 10 
cc. of urine 

negative. 


•Received 1 gm. of sodium citrate per 


kg. subcutaneously, on Oct. 7. 
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DISCUSSION. 

As shown by the results of preliminaiy experiments, the quan- 
tity of uranyl acetate necessaiy to permit the quantitative es- 
timation of malates in the urine of certain individual animals 
is much greater than the amounts used by Ohta in his work. 
It appeared possible therefore that Ohta himself did not in every 
case secure a quantitative determination of the malates present 
in the urine. As a matter of fact, the analytical figures given 
above indicate strongly that his data were subject to error. His 
general conclusion that malates are incompletely destroyed in 
the body is substantiated by the figures given above, and indeed 
more strikingly than by his own. Whereas Ohta was never able 
to recover from the urine more than 6 per cent of the amount of 
malate injected into rabbits, and was in the case of one urine 
unable to demonstrate the presence of malates, the results of 
the present paper show an elimination of from 3 to 21 per cent 
of the total malate injected. Comparative data obtained with 
oat-fed rabbits on the one hand, and carrot-fed rabbits on the 
other, indicate that the effects of diet on malate elimination are 
negligible in the case of these animals. Without wishing to 
overemphasize an average of results which themselves cover a 
rather wide range, it may be well to point out that rabbits elimi- 
nate, on the average, 14 per cent of the malate injected, whereas 
the average elimination in cats is 26 per cent. 

The lowest elimination in the case of rabbits was 3 per cent; 
the highest was roughly 21 per cent. The lowest malate elimi- 
nation in the case of cats was about 17 per cent, the highest 
exceeded 41 per cent of the amount injected. A real difference 
therefore appears to exist between cats and rabbits in their 
ability to destroy malates after subcutaneous injection. 

SUMMABY AND CONCLUSIONS, 

1, The estimation of small amounts of malic acid in urine was 
satisfactorily accomplished by using a modified Ohta- Yoder 
method. The essential modification consisted in saturating the 
urine with powdered uranyl acetate, instead of adding a saturated 
solution of the reagent. 

2. Sodium malate, injected subcutaneously in moderate doses, 
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was shown to be incompletely destroyed by rabbits and cats, 
and was eliminated in the urine. Rabbits eliminated from 3 to 
21 per cent, whereas cats eliminated from 17 to 41.5 per cent of 
the total amoimt of malate injected. 

3. Elimination of undestroyed malate in the urine of the ex- 
perimental animals was usually complete within 24 hours after 
injection. 

4. Subcutaneous injections of sodium malate in amounts 
not exceeding 1 gm. per kilo were not followed by nephritis or 
glycosuria. 

5. Rabbits showed no toxic S 3 miptoms after receiving sub- 
cutaneous injections of sodium malate in amounts not exceed- 
ing 1 gm. per kilo. Subcutaneous injections of corresponding 
amounts of sodium malate into cats caused either no s 3 unptonis 
or at most a slight temporaiy depression. 

6. Toxic symptoms in both cats and rabbits followed the 
injection of larger amounts (3,3 gm. per kilo) of sodium malate. 
No effort, however, has been made to fix the lowest limit of the 
toxicity of sodium malate. 



THE RELATION BETWEEN THE WATER AND GLUCOSE 
CONCENTRATION OP THE BLOOD. 

Br ALMA HILLER and HERMAN 0. MOSENTHAL. 

{From the Medical Clinic of the Johns Hopkins Hospital, Baltimore.) 

(Received for publication, October 14, 1916.) 

Polyuria, edema, and desiccation are all characteristic manifes- 
tations of diabetes mellitus. These changes in the water metabo- 
lism are generally regarded as the result of glycosuria and the 
increase of glucose in the fluids and tissues of the body. All at- 
tempts to associate hydremic or inspissated blood with a parallel 
increase or diminution of the blood sugar have thus far failed, 
and Morawitz,* in summarizing the situation, shows how the 
blood of the diabetic has been found by some investigators to be 
inspissated, while others have demonstrated a hydremia. From 
the therapeutic point of view, these questions are of great im- 
portance, for on their solution depends the regulation of the dia- 
betic’s water intake. Applying micro methods to this problem, 
it was possible to obtain the blood in 10 to 16 minute intervals, 
determine the sugar and water content in each specimen, and 
note the relation between the two. Where it was desired to 
raise the sugar content of the blood, glucose was given by mouth. 

The method of Lewis and Benedict’ was used to determine the blood 
sugar. The water content of the blood was ascertained by putting about 
1 cc. of freshly drawn blood into a tin capsule of known weight, weighing 
immediately to determine the quantity of blood, placing the capsule, after 
removal of the cover, in a drying oven at 98°0. for 24 hours, then allowing 
it to remain in a desiccator for 48 hours, or until a constant weight was es- 
tablished; after weighing again, the percentage of water lost could be 
calculated. This method has errors which are apparent. However, it 
yields results which are comparative, the error being constant. Good du- 
plicates are obtained with this procedure, as may be seen in Table 1. 

‘Morawitz, P., Oppenheimer’s Handb. Biochem. Menschen u. Thiere, 
Jena, 1910, iv, 251. The bibliography of the subject is detailed here. 

’ Lewis, R. C., and Benedict, S. R., J. Biol. Chem, 1915, xx, 61. 
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TABLE I. 

Results of Duplicate Analyses of the Water Content of the Blood by the Authors’ 

Method. 


Blood specimen No. 

Porcontago of water. 

1 

79,3 

79.4 

2 

80.4 

80.4 

3 

80.6 

SO. 6 

4 

80.8 

80.8 

5 

80,7 

80.7 

6 

80 7 

80.7 


In order to save space, only the essential protocols will be 
reported.^ 

The Control Cases . — In these individuals, no attempt was made 
to raise or lower the blood sugar. Two tj^ies of blood sugar 
curves are readily distinguished (Table II), one in which the gly- 
cemia constantly diminishes, presumably returning to a normal 
level after a meal (R. M. and S. R., Table II), the other in which 
the blood sugar remains constant (J. C., Table II). Considmng 
the short intervals in which the observations were made, it is 
rather surprising to find such a marked variation in the water 
content of the blood in each indmdual. The difference between 
the highest and the lowest reading in each case is as follows: 
P. M., 1.3 per cent, S. R., 1.3 per cent, J. C., 0.9 per cent. The 
variations, moreover, did not follow the falling blood sugar curve 
seen in R. M. and S. R., but ran an entirely independent course, 
nor did they remain constant in J . C., as the blood sugar i • 
Hence it is possible to conclude that spontaneous fluctuations m 
the amount of blood sugar, as they occur in the non a e i 
individual, are not paralleled by changes in the water con en 


Normal Indwiduals Receiving 100 Cm. of Glucose. f 

was to study the effect of the ingestion of 100 gm. ° ® 
Although this may not raise the blood supr ^ by 

gree, it may possibly be responsible for an mere insfanee 

influencing the water metabolism in other ways. 

r>r<! T, Hamman and !■ 

.Jewish to acknowledge sugar det;rminatin^ 


Hiraohman in furnishing many 








A. Hiller and H. 0. Mosenthal 
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TABLE II. 

Data of Control Cases. 


Case. 

Time. 

Blood, 

Glu- 

cose, 

Water. 


p.m. 

pn* cent 

per cent 

M. Hypertrophic arthritis of 

2.40 


79.4 

lumbar spine. 

2.57 17 min. interval. 




3,15 18 “ 

0.115 

80.3 


3,45 30 " “ 


79.9 


4.10 25 “ 

0.102 

80.3 


4.30 20 “ 


79.9 

S. B, Chronic endocarditis. Mi- 

2.25 


79.4 

tral insufficiency. No symptoms 

2.38 13 min, interval. 

mm 1 

80.4 

of cardiac decompensation. 

2.54 16 “ “ 


80.6 


3.12 18 “ " 


80.8 


3.27 15 “ “ 


80.7 


3.44 17 “ 

iQB 

80.7 

J. C. Neurasthenia. 

2.43 

0.096 

78.4 


2.55 12 min. interval. 


78.3 


3.10 15 “ 

0.096 

78.1 


3,25 16 ” 

0.096 

1 78.7 


3.38 13 “ 

0.09C 

i 79.0 


3.50 12 

0.09f 

> 78.9 


did this occur. This is contrary to the findings of Fisher and 
Wishart,^ who demonstrated a hydremic plethora in dogs 2 hours 
after the ingestion of glucose. These authorities base their con- 
clusions on variations in the hemoglobin content of the blood. 
It may be that the proportionately greater dose of glucose in re- 
lation to the body weight (50 gm. per dog) was responsible for 
the differences obtained in these observations, as compared to 
ours. The rise from 76.6 to 78.9 per cent of water in H. (Table 
III) 3 minutes after the grape sugar solution was swallowed can 
scarcety be the result of the absorption of dextrose in so short a 
time. Neither G. nor two other normal individuals (not charted) 
gave any indication of such an influence. In H. the variation 
between the maximum and minimum water percentage was as 
high as 2.3 per cent; in the other individuals it was 0.8, 0.9, and 

* Fisher, G., and Wishart, M. B., J. Biol. Chem., 1912-13, xiii, 49. 
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12 per cent, figures comparable to those obtained in the control 
cases {Table II), TtTiat caused the one very high figure for hy- 
dremia in H. is an open question. In G, a large volume of urine 
was put out constantly during the period of observation. This 
apparently did not affect the water concentration of the blood- 
The exhibition of 100 gm, of glucose in normal individuals has 
no effect in changing the concentration of the blood. Polyuria 
observed during the course of 3 hours does not necessarily result 
in variations of the water content of the blood, 

TABLE m. 

Data on Normal XndividualB Receiving 100 Gm, of Glucose. 


Case. 


H. Normal. 


G, Normal. 


Time. 

Blood. 

Glu- 

cose. 

Water. 


per cen 

i per cent 

8.45 a.m. 



8.47 100 gm. of glucose in 300 



cc. of water. 



9.00 " 15 min. interval. 


78.9 

9.15 “ 15 “ “ 

0.12^ 

iweitwml 

9.31 " 16 “ “ 

0.12£ 

77.9 ' 

9.45 “ 14 " " 


77.7 

10.00 “ 15 " " 


77 A 

10.30 “ 30 “ •' 

mKm 

77.6 

11.01 " 31 " " 

0M2 

77.4 / 

12.03 p.m. 62 " " 


76.6 

8.35 ft.m. 

0.109 

79.2 

8.42 “ 100 gm. of glucose in 300 



oc. of water. 



8. 55 “ 20 min. interval. 

0.112 

78.9 

9.10 “ 15 “ " 

0.132 

70.3 

9.30 " 20 " " 

0.137] 

79.6 
^ _ <■ 

9.49 " 19 “ “ 

o.ni' 

78.6 ^ 

10.27 « 38 " “ 

0.10^ 

78.8 1 

11.28 “ 61 " " 

0.109 

79.1 ^ 


, Ufioe 
(Vofume. 
per hr. 


7 

25 

96 

72 

52 

69 

130 

120 
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Cases of Diabetes Mellitus Receiving 100 Gm. ‘'Z ^ c. 

of Le U are detailed In Table IV lb. 

hydremia and glycemia show no parallel wtet ■ j j, 
water eonoentration of the blood rans a conm. mneh 








TABLE IV. 


Relcition between Wdiev Coucentration and Glucose of the Blood in Dtoheixce 
in Whom a Hyperglycemia Is Produced by the Adminisitaiion of Glucose^ 



Time 

Blood 

Unjie 

Case 

Glu- 

cose 

Water 

volume 
per hr. 





per cent 

per cent 

ce 

R. Diabetes mellitus. 

8 45 a.m. 



78 9 

76 


8 46 

ft 

100 gm. of glucose 







in 300 cc. of 
water. 





9 10 

if 

25 min. interval. 


78 9 

205 


9 25 

ft 

15 


78 8 

77 


10 07 

fC 

42 '' “ 

0 240 

79 2 

50 


11 or 

u 

60 “ “ 

0 238 

79 6 

88 


11 36 

u 




83 


12 10 p m. 

63 “ " 


79 3 

48 

B. Diabetes mellitus. 

8 52 a,m. 


0 070 

79 6 

172 


8 55 

fi 

40 gm. of glucose 







in 300 cc. of 
water. 





9 12 

u 

20 min. interval. 


78 8 

117 


g 25 

t( 

13 “ " 


79 5 

134 


9 40 

ff 

100 cc. of water. 





9 43 

ti 

18 min. interval. 


78 0 

312 


10 32 

ft 

49 “ “ 

0 218 

77.2 

380 


10 40 

ft 

100 cc. of water. 




- . i 

11 30 

tt 

58 min. interval. 


77 8 

34 

E. Diabetes mellitus 

9 20 a.m. 


0 108 

79 7 ' 



9 25 

ft 

100 gm. of glucose 







in 300 cc. of 
water. 





9 45 

ff 

25 min. interval. 


79 3 

138 


10 45 

ft 

60 “ 


78 9 



10 58 

tt 




895 


11 55 

tt 

70 “ 

0 173 

79 6 



12 20 p.m. 




365 


j 12 45 

tt 

50 « 


79 7 

105 

C. Diabetes mellitus. 

1 8 45 a m. 


iBIilSIl 

78 1 

m 


8 48 

tt 

100 gm. of glucose 







in 300 cc. of 
water. 





9 10 

tf 

25 min. interval. 

0 124 

77 6 

122 


9 30 

tt 

20 “ 



110 


9 50 

it 

20 “ “ 


1 78 3 

83 


10 25 

« 

35 « 


78 6 

94 


11 07 

ft 

42 « 


1 78 6 

102 


1 12 00 n. 

53 « « 



52 
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TABLE IV— Concluded. 


Case. 

Time. 

Blood. 

TJrine 

Glu- 

cose. 

Water. 

volume 
per hr. 

D. Diabetes mellitus. 

Mar. 1 Glycemia as ob- 
“ 15 served in the 

17 course of the 

disease. No glu- 
cose adminis- 

tered. 

per ant 

0.356! 

0.146 

0.134 

per cen/ 

79.0 

79.4 

79.7 

1 

cc. 


the control individuals in whom no h 3 ^erglycemia was produced. 
How independent these two factors are of one another is seen in 
the last case, D., of Table IV, where a glycemia of 0.356 per cent 
was accompanied by a lower hydremia than a blood sugar of 
0.134 per cent. In a very few cases (R., Table IV), a suggestive 
parallelism may be observed between the water and glucose con- 
tent of the blood; in others (B., Table IV), an apparent effect of 
polyuria in inspissating the blood is manifested. Various authors 
have noted a tendency on the part of the blood and tissues to 
lose water^ during the final stages of diabetes. It is probable 
that the excessive polyuria in such cases is the controlling factor. 


CONCliUSIONS. 


The water concentration of the blood in the normal individual 
often shows a variation of about 1 per cent during the course of a 
few minutes. There is no assignable cause for this inconstancy. 
Raising or lowering the sugar content of the blood does not give 
rise to a corresponding change in its concentration. If glycemi^ 
plays a part in controlling the water content of the blood, ^ t s is 
so slight in its effect that other factors, such as poIyuna,ec, 
nullify its results, except in rare instances. 


^ Magnus-Levy, A., Arch, exp. Path, u. Pharm,^ 1901, xlv, 38^ 
T., Z. Win. Med,, 1902, xlv, 260. Dennstedt M. and 
Med., 1006, Iviii, 84. Von Noorden, C., Metabolism and 
cine, Chicago, 1907, iii, 614. 











THE FOLIN AND DENIS METHOD OF NITROGEN DE- 
TERMINATIONS BY DIRECT NESSLERIZATION, AND 
ITS APPLICATION TO SPINAL FLUIDS. 

Bv R. L. KAHN. 

{From the Research Laboratory, Bureau of Laboratories, Department of 
Health, New York City.) 

(Received for publication, November 1, 1916.) 

Folin and Denis* have recently modified the micro method 
for nitrogen determinations, by substituting phosphoric acid 
for part of the sulfuric acid or^arily employed in the destruc- 
tive digestion of the nitrogenous material and by reducing the 
amount of free alkali in Nessler’s reagent. These changes have 
enabled them to Nesslerize directly the ammonia produced dur- 
ing the digestive process, thus eliminating the aeration procedure 
connected with these determinations. 

In attempting to apply this method to nitrogen determina- 
tions in spinal fluids, a serious difficulty has been encountered. 
Folin and Denis have already directed attention to the turbidity 
of the Nesslerized solutions due to the presence of silicates formed 
by the action of phosphoric acid and heat on the glass during 
the destructive digestion. They advise the removal of these 
silicates either by centrifugation or by filtration through a small 
cotton plug and state, “if the sediment obtained is mixed with 
a red deposit, the Nesslerization has not been successful and the 
determination must be discarded.” 

The difficulty just discussed has actually presented itself in 
this laboratory in every determination carried out according 
to the original directions. Fmlhermore, the standard solution 
also invariably showed clouding, indicating that the turbidity 
is not due to the silicates alone. In these trials, the concentrated 
acid mixture employed consisted of three volumes of concentrated 
phosphoric acid, one volume of concentrated sulfuric acid, and 
one-fifteenth volume of 10 per cent copper sulfate solution. 
The two acids were first mixed and allowed to stand over night 

» Folin, 0., and Denis, W., J. Biol. Chem., 1916, xxvi, 473. 
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to facilitate the precipitation of calcium. The inixture was then 
filtered by means of a Buchner funnel, through a dry mat of 
asbestos, after which the copper sulfate solution was added. 

15 cc. of 10 per cent sodium hydroxide were found to be suf- 
ficient to neutralize 1 cc. of the concentrated acid mixture and 
permit a surplus of 2 cc. of alkali in the solutioA. This was de- 
termined in the following manner. 1 cc. of the concentrated 
acid mixture on titration with 10 per cent sodium hydroxide, 
with phenolphthalein as an indicator, required 9.5 cc. of alkali 
for neutralization. About three-fourths of this acidity (or 7.1 
cc.) was due to phosphoric acid. As pointed out by Folin and 
Denis, one-third of the base combining power of the phosphoric 
acid is not included in the titration value. Therefore, 9.5 cc. + 
3.5 cc., or 13 cc., were required for the neutralization of the 
acid. In order to permit a surplus of 2 cc. of 10 per cent sodium 
hydroxide, 15 cc. of the alkali were employed. 

Nessler solution was prepared precisely as directed by Fohn 
and Denis. 

An attempt to ascertain the nature of the precipitate respon- 
sible for the turbidity in the standard disclosed by physical and 
chemical examination the probable presence of calcium. The 
precipitate of calcium formed on mixing the concentrated phos- 
phoric and sulfuric acids, as stated above, is filtered off through 
a mat of asbestos. Traces of calcium, however, are soluble in an 
acid solution. When, therefore, the solution is rendered alka- 
line by the addition of 10 per cent sodium hydroxide, these traces 


separate out and cause turbidity on Nesslerization. 

Having thus been unable to prepare clear solutions for coor 
comparisons, an attempt was made to filler off predfi 
before Nesslenzation. The results were entirely satisfactory. 
Nessler solution was thus added to water-clear filtrates in eac^ 
case and clear solutions for color comparisons were o am 
without exception.^ 

* It is likely that due to a higher purity of ^kemicals employ® 
laboratory of Folin and Denis, no precipitation ? quoted 

the 10 per cent alkali. However, as is indicated by their sv 
above, apparently some determinations have 

to time on account of the red deposit mixed with t ® P ^^jg^arded, 
the modification suggested, no determination need eve 
IB pointed out in the text later. 
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The probable loss of ammonia during the filtration process^ 
early suggested itself. On addition of a sufficient quantity of 
10 per cent sodium hydroxide to neutralize the concentrated 
acid and permit a surplus of 2 cc. of alkali, ammonia is set free 
in the solution. Inasmuch as ammonia is extremely volatile, 
it was feared that traces of it might be lost during the filtration 
process. It was found, however, that owing to the extreme sol- 
ubility of ammonia, significant losses do not occur. This was 
determined in the following manner. 

To a 100 cc. volumetric flask, A, were added 1 cc. of the con- 
centrated acid mixture, 15 cc. of alkali, and 20 cc. of the stand- 
ard ammonium sulfate solution containing 1 mg. of nitrogen, 
made up to the mark, shaken, and filtered. 50 cc. of the water- 
clear filtrate were measured out into another 100 cc. volumetric 
flask, 10 cc. of Nessler solution added, made up to the mark, and 
shaken. To a volumetric flask, B, were added 1 cc. of con- 
centrated acid, 15 cc. of 10 per cent alkali, and without adding 
the standard ammonium sulfate solution, this was made up to 
the 100 cc. mark, shaken, and filtered as above. To 50 cc. of 
this filtrate were added 10 cc. of the standard ammonium sulfate 
solution, Nesslerized, made up to 100 cc., shaken, and compared 
on the colorimeter, with a solution of flask A. The color in- 
tensity of these two solutions was foimd to be identical. The 
free ammonia present in flask A was, apparently, completely 
held in solution. This experiment was repeated three times 
with the same results. 

As a result of these findings the following modification of the 
direct Nesslerization method has been adopted for the determina- 
tion of total and non-protein nitrogen in spinal fluids. The 
same principle is, of course, available in the other applications 
of the micro method. 

ToUil Nitrogen , — 2 cc. of spinal fluid are pipetted into a test- 
tube, 1 cc. of the phosphoric-suKuric acid mixture added, and 
the digestion carried out over a micro burner imtil the appear- 
ance of sulfuric acid fumes. The mouth of the test-tube is then 
covered with a watch-glass and heating continued for about a 
minute. The color obtained usually is straw-yellow. After 
permitting the test-tube to cool, the contents are rinsed quan- 
titatively into a 100 cc. volumetric flask, using about 60 cc. of 
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t. 


water in the process, 15 cc. of 10 per cent sodium hydroxide 
solution are added to neutralize the cc. of concentrated acid 
and permit a surplus of 2 cc. of alkali. It is then made up to 
volume, shaken, and filtered. 

Into another 100 cc. volumetric flask are pipetted 1 cc. of the 
concentrated acid mixture, diluted, 20 cc. of the standard am- 
monium sulfate solution, and an amount of 10 per cent alkali 
solution equal to that added to the unknown. This also is made 
up to volume, shaken, and filtered. 

Aliquot portions of these filtrates are employed for Nessleri- 
zation, the amounts used depending on the quantity of nitrogen 
present in the total amount; also perhaps on the type of glass- 
ware used. Thus, if the total amount of nitrogen in the digestive 
mixture is equivalent to about 1 mg., the Nesslerization may be 
completed in several ways. 

25 cc. of the water-clear filtrates of both the unknoym and 
standard may be pipetted into two 100 cc. volumetric flasks, 
diluted to about 75 cc. with water, 10 cc. of Nessler solution added 
to each, made up to volume, shaken, and the colors compared 
on the colorimeter. The standard in this case will contain 0.25 
mg. of nitrogen and the calculations are made accordingly. 
desired, 50 cc. quantities of the filtrates may be pipetted into 
two 100 cc. volumetric flasks, 10 cc. of Nessler solution added 
to each, made up to volume, and the colors compared. In 
case the standard will contain 0.5 mg. of nitrogen. Then again, 

25 cc. quantities may be pipetted into 50 cc. volumetric flasks, 
Nesslerized, and the colors compared as above. The possibili- 
ties for error are reduced to a minimum in each case, because 
the standard and unknown, with the exception of the destructive 
digestion, go through the same preparation and filtration, si e 
by side. Furthermore, no determination need be discar e 
due to an error or accident during Nesslerization. T ere ^ 
always a sufficient quantity of water-dear filtrate on sn 


peat the process. , t. 

The importance of obtaining water-clear filtrates cann 
reremphasized. The precipitate of calcium j,. 

idition of the 10 per cent alkali « gdarinous “ 
bly tertiaiy calcium phosphate, Ca%(P 0 ^ 2 ), 
ai through the filter paper on the first filtration. It som 
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tiines necessary, therefore, to pour the filtrate back into the 
same funnel and refilter. 

Non-Protein Nitrogen . — For the precipitation of the proteins 
from the blood, Folin and Denis® employ a freshly prepared 25 
per cent solution of glacial phosphoric acid. To 5 cc. of blood 
in a 50 cc. volumetric flask they add about 20 cc. of water and 
S cc. of glacial phosphoric acid, shake vigorously for 5 mmutes 
or more, make up to volume, and filter through a dry filter paper. 
For a nitrogen determination they employ 10 cc. of the filtrater 
In view of the fact that the spinal fluid used contains relatively 
minute amounts of protein, it seemed imnecessary to dilute 
this fluid for precipitation. To 5 cc. of spinal fluid in a large 
sized test-tube are added quantitatively 2 cc. of a freshly pre- 
pared 25 per cent glacial phosphoric acid solution. The test- 
tube is then stoppered and either vigorously shaken for about 5 
minutes or permitted to stand 1 to 24 hours, and filtered through 
a small dry filter paper. For duplicate nitrogen determina- 
tions, 3 cc. quantities of the water-clear filtrates are used for di- 
gestions. From this point the procedure employed is identical 
with that described for total nitrogen. In each case Nessler 
solution was added to water-clear filtrates and not a single de- 
termination had to be discarded. 

Urea Nitrogen . — The direct Nesslerization method for urea 
determinations in the blood as outlined by Folin and Denis* 
was adopted for the determinations of urea in the spinal fluid, 
as follows: 

To 5 cc. of spinal fluid in a 100 cc. volumetric flask are added 
about 5 cc. of water and 0.1 gm. of dry m-ease, shaken, and per- 
mitted to stand at room temperature from 15 to 20 noinutes. This 
is then diluted with about 50 cc. of water, 2 cc. of freshly pre- 
pared glacial phosphoric acid added, also 0.5 gm. of Merck’s 
blood charcoal, and made up to volmne. This is shaken from 
time to time and allowed to stand for 45 minutes or more, when 
it is ready to be filtered. Definite portions of the water-clear 
filtrates are used for Nesslerization as in the cases of the total 
and non-protein nitrogen determinations. 

’ Folin and Denis, J. Biol. Chem., 1916, xxvi, 491. 

■* Folin and Denis, J. Biol. Chem., 1916, xxvi, 505. 
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In view of (he fact that the aeration method for micro nitrogen deter- 
minations is still largely employed, it may not be amiss, In this connection, 
to point out some of the more important difficulties encountered by this 
procedure. 

The suction created by a W’ater pump was utilized in this laboratory, 
for the aspiration of ammonia into acid solutions. The velocity of the 
ivatcr was irregxilar, depending apparently at any given time on the quan- 
tity of water used in other parts of the building. Aerations, therefore, 
had to be carried on for comparatively long intervals— about 3 hours at 
a time. Even then, however, much of the work had to be discarded, be- 
cause on further aspiration into fresh absorption solutions, traces of am- 
monia would again and again be found to have escaped aeration. 

It is generally stated in text-books that 15 minutes of rapid aeration 
are sufficient to aspirate the ammonia completely into acid solutions. 
Whether this short period is sufficient is probably questionable. On 
many occasions in this laboratory (on holidays, for instance, when prac- 
tically no one else in the building employed water), the rapidity of the 
air current was nearly as great as the apparatus would permit, and after 
40 minutes of such aeration, traces of imaspirated ammouia were demon- 
Birated several tmtes. 

Another factor not sufficiently emphasized in text-books is that during 
a rapid aeration, when the ammonia is aspirated into a eingle acid tube, 
traces of ammonia will escape absorption. 

From these findings, it appears that in agreement with the statements 
of various other investigators,® in order to insure the complete removal 
of arnmonia and avoid any possible loss of the same: (1) a rapid air current 
is absolutely essential; (2) the aeration should be carried on for about 
an hour; (3) the atomotda should be aspirated into two acid solutions 
instead of one, and these should be combined quantitatively before 
Nesslerization. 

For a time, clouding on the addition of dilute Nessler solution presented 
some difficulty. This was overcome by diluting the Nessler solution 
further. When employing a standard of 0.5 or 0.25 mg. of nitrogen, it was 
found advisable to dilute the Kessler solution 1 : S instead of 1 : 5. If 
immediately, this dilution did not give rise to the precipitation of 
cury. During the hot weather, it was found advantage oiis also to coo 
the solutions under cold tap water before Nesslerization. This ^ 
was found to minimize the possibilities of clouding on the addition o 
sler solution. 


A series of parallel nitrogen determinations were 
)y means of the aeration and direct Nesslerization metho s. 
he case of total and non-protein nitrogen, the latter me , 


> Compare, for example, Davisson, B. ^ 

field, B. M., J. Ini. and Eng. Chem., 1916, viu, 896. 
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as modified in this laboratory, was employed. In the case of 
urea nitrogen, the method was used precisely as outlined by Folin 
and Denis. 

The following is a tabulation of the results obtained. 

TABLE. 


Nitrogen per 100 Cc, of Spinal Fluid, 


No. 

Direct Nessleruation method. 

Aeration method. 

Total Nitrogen, 


VXQ. 

i rng. 

1 

31 . 2 *) 

31.25 

2 

17.75 

17.69 

3 

18.55 

18,30 

4 

17.50 

17.47 

5 

37.72 

37.35 

6 

21.90 

21.90 

7 

22.52 

22.72 

Non-Protein Nitrogen, 

8 

14,00 

13.77 

9 

31,09 

30.97 

10 

14.00 

13.45 

11 

14.35 

14.05 

12 

15.86 

15.90 

13 

24.72 

24.85 

14 

33.63 

33.32 


Urea Nitrogen, 


15 

11.55 

11.22 

16 

15.75 

15.62 

17 

11.36 

11.36 

18 

20.75 

20.75 

19 

21.62 

21.62 

20 i 

1 

6.31 

6.25 


















THE EFFECTS OF FEEDING THE PROTEINS OF THE 
WHEAT KERNEL AT DIFFERENT PLANES 
OF INTAKE.* 

By E. V. McCOLLXJM, N. SIMMONDS, and W. PITZ. 

(From the Laboratory of Agricultural Chemistry of the Wisconsin Experiment 
Station t Madison.) 

(Received for publication, October 23> 1916.) 

Feeding experiments have now fully established what chemical 
investigations during the past 15 yearn have all supported; viz.^ 
that there are great variations in the biological values of proteins 
from various sources, which depend upon the proportions of the 
amino-acids they yield on digestion.^ It is not yet apparent 
whether an animal is as well off physiologically with a ration, 
otherwise satisfactorily constituted, but containing a high content 
of protein of low value as with the same food mixture with its 
low grade protein replaced by its biologically equivalent amount 
of a much better protein. In the present communication we at- 
tempt to throw light on this problem. Incidentally we have in 
the experiments here reported gained an insight into the toler- 
ance of the rat for rations containing extremely high protein 
contents. 

One of us has reported growth approximating the normal rate 
and successful reproduction in rats fed exclusively on boiled egg 
yolk, a ration which would contain not far from 31 per cent of 
N X 6.25.^ Watson^ restricted the ration of young rats to raw 
meat and observed high mortality, stunted growth, and patho- 
logical conditions of the thyroids, parathyroids, and kidneys. 

♦ Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

i McCollum, E. V., J. Biol. Chem., 1914, xix, 323. McCollum, E. V., 
and Davis, M., ibid., 1915, xx, 415. Osborne, T. B., and Mendel, L. B., 
ibid., 1915, xx, 351. 

* McCollum, Am. J. Physiol., 1909-10, xxv, 120. 

’ Watson, C., and Hunter, A., J. Physiol., 1906, xxxiv, 111. 
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These results afford no evidence as to the effects of a high protein 
diet on the 'well-being of an animal until it is shown that the 
various other factors which operate in making up a satisfactory 
diet are so adjusted as to lead to adequate nutrition with lower 
planes of protein intake. Later studies have convinced us that 
while egg yolk contains all the organic complexes essential for 
nutrition, egg yolk as the sole food does not form a very satisfac- 
tory diet when gauged by the amount of reproduction secured or 
by the longevity of the animals so fed. A meat diet, as employed 
by Watson, can be tolerated for a time, but not without detriment. 
We have shown in discussing the vegetarian diet^ that besides the 
energy factor, four other factors, 1 ^ 2 ., quality and amount of pro- 
tein, character of the inorganic moiety, and content of the uniden- 
tified dietary factors, fat-soIuble A and water-soluble B,® operate 
to determine whether nutrition 'will be satisfactory. Any one of 
these, if of an inadequate character, can lead to nutritive dis- 
aster. 

The results of the present study may be briefly summarized as 
follows: 

1. In agreement with our former experience with the feeding of 
diets high in their wheat content^ we again have to emphasize the 
marked injury to the progeny which results from such restricted 
diets. 

2. We have not been able to make up a ration containing wheat 
proteins only which was adequate for rearing of the young, ah 
though we have varied the protein content from 6.5 per cent 
(Chart 1) to 47.98 per cent (Chart 10). Over a wide range of 
protein content growth approximated the normal, but pronounce 
injurious effects of the ration were revealed in the reproduction 

records only. ^ u nn- 

3. The addition of 10 per cent of casein to a ration wfaic c 
tained 36.33 per cent of protein from wheat, and which was sa i 


< McCollum, E. V., Simmonds, N., and Pitz, W., Am. J. PhpsioL, 1916, 

‘McCollum, E. V., and Kennedy, C., J. g^’phrey, G. C., 

«Hart, E. B., McCollum, E. V., Steenbock, H , and ^ and 

Wisconsin Agric. Exp. Station, Research Bull. I?, 19 • Mj)]er,W.S., 
McColto, E. V., J. Biol. Chem., 1914, xix, 873. Hart, E. B., ivi. 
and McCollum, E. V., ibid., 1916, xxv, 239. 
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factory with respect to all dietary factors other than protein and 
an inherent toxicity, improved the ration in a marked degree 
(Chart 12). 

4. Growth was not interfered with by the inclusion of as much 
as 40.45 per cent of wheat proteins in the diet, but on this the 
young could not be reared (Chart 9). 

5. Growth was normal and the production of young was good 
on a diet containing 46.63 per cent of protein, of which 43.0 per 
cent was casein, and 3.63 per cent of wheat proteins. The cause 
of the failure to rear the I'^oung on this diet has not yet been 
definitely ascertained, but would appear to be due in great part 
at least to the shortage of the supply of the dietary factor B, the 
sole source of which was the 33 per cent of wheat in the food 
mixture. 

6. As small an amount as 15 per cent of whole wheat as the 
source of the water-soluble B, suffices for the completion of 
growth in the rat and so promotes well-being as to induce the 
production of a nearly normal number of young- The amount of 
this substance is not great enough to enable the young to develop 
to weaning age without causing pronounced nervous disturb- 
ances which end in death (Charts 14, 16, and 17). 
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Chart 1. Lot 494 received a ration so constituted as to be entirely satis- 
factory except for its low content of protein of relatively poor quality. 
The ration contained 6.5 per cent of protein, all derived from the*^vheat 
kernel. On this plane very slow but continuous increase in body weight 
took place during 4| months, when the experiment was discontinued. 

The wheat furnished an abundance of the unidentified dietary factor, 
the water-soluble B (Chart 17); the butter fat furnished additional a 
soluble A, over the small amount carried by the wheat kernel. The sa 
mixture added was of a character which supplemented the inorganic con 
tent of the wheat so as to induce growth and well-being. This ra wn 
is vastly improved by the inclusion of more protein (Charts 2, 6, an /• 
y marks the birth of young. 
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182 Diffusion of Electrolytes. IV 

of sodium salts but not always equally weU with other salts; 
but we can demonstrate the opposite effect, namely, the antago- 
nistic salt action, with almost any salt if the concentration is 
high enough. As an example we will compare the behavior of 
eggs in si/8 KCl made up in various concentrations of the citrates 
of Li, Na, and NH4. The eggs were washed for 24 hours in H5O 
before being put into the m/8 KCI solutions. Table III gives 
the percentage of .eggs with heart beats in the three series of 
solutions after 5 days. 


TABLE III. 



Percentage of egga with heart beat after 5 daj’S 
in m/8 KCl made up in 

w 

Z 

a 

m/128 

« 

m/512 

M/1024 

m/2048 

o 

o 

o 

o 

{5 

(NH4)3 citrate 

34 

78 

80 

80 

60 

55 

35 i 

15 

16 

Lij citrate 

40 

50 

60 

33 

25 

10 

16 

33 

6 

Nas citrate 

— - i 

30 

90 

75 

50 

i 

10 

50 

55 


35 


In all three solutions the antagonistic effect of the citrate is 
noticeable in concentrations of m/256 to m/64, since in all these 
solutions the diffusion of m/8 KCl into the egg (measured by the 
cessaUon of the heart beat) was much slower than in the pure 
M/8 KCl solution (made up in H.O). The accelerating salt 
e ect was marked in Nas citrate (m/512), was noticeable also in 
L 13 citrate (m/1024), but was lacking in (NH 4)3 citrate. As an 
indication of the completeness of the antagonistic effect we- may 
s a e at in m/8 KCI in m/64 Naa citrate 50 per cent of the 
ear s were still beating after 10 da 3 '’s, when the e.xperiment was 
^scontmued, while with less Kas citrate all the hearts stopped 
beating m a much shorter time. 

influence of some other salts upon the 
diffusion of KCI into the egg are given in Table IV. m/8 KCI 
T^as ma e up in solutions of these different salts as well as in 
m/8 sea water and in H^O. The two latter ser^^ed as controls, 
t IS obvious how much more rapidly the eggs were poisoned 
when the m/8 KCI was made up in sea water than in a pure KCl 
solution. The concentrations in which the general salt effect 
is noticeable are printed in bold-faced type again. They 
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not as pronounced in the case of Mg, Ca, and Sr, but it is per- 
haps of interest that this effect appears in a much lower concen- 
tration (m^1024 or m/2048) than in the case of NaCl, where it 
was m/8 or m/4. 


TABLE IV. 



SUMMARY. 

The addition of a second salt to an m/8 KCl solution has the 
four following effects according to the concentration: 

1. Beginning with the lowest concentration the addition of 
a second salt has often a slightly retarding effect upon the dif- 
fusion of KCl through the membrane into the egg. 

2. With further increase of concentration of the second salt 
(m/4 NaCI, m/ 512 Nas citrate), an acceleration of the diffusion 
is noticeable (general salt effect). 

3. With still further increase of the concentration (m/2 to 
m/1 NaCl, m/256 to m/ 128 Nas citrate) the opposite is noticeable, 
a retardation of the diffusion (antagonistic salt action). The 
ratio of the antagonistic to the accelerating concentration w'as 
ound to be roughly about 2 : 1 for different sodium salts. 

4. When the concentration is still higher the eggs are killed 
m^ore rapidly again, this time probably not through the diffusion 
of the KCl, but of the second salt into the egg; since if we balance 
the second salt (e.g., NaNOs or NaCl) by the addition of a third 

(e.g., CaCb or MnCU) the concentration of NaCl or NaNOj 
required for this effect is raised. 
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In these experiments in which a second salt was always 
present with the KCl in the outside solution the antagonistic 
action could be more generally demonstrated than the accelerating 
effect. This is the reverse of what was foimd in the recovery 
experiments where only one salt was present in the outside solu- 
tion and where the general salt action was clear but where no 
antagonistic action to KCI could be demonstrated. 



ELIMINATION OF MALAXES AFTER SUBCUTANEOUS 
INJECTION OF SODIUM MALATE.*t 

By LOUIS ELSBERG WISE. 

(FTom the Pharmacological Laboratory, Bureau of Chemistry, United Stales 
Department of Agriculture, Washington.) 

(Received for publication, October 22, 1916.) 

Ohta^ appears to be tbe only investigator who has studied the 
fate of malic acid in the animal body. He succeeded in isolating 
an appreciable quantity of malic acid from the urine of a dog 
which had received subcutaneous injections of sodium malate 
in large amounts. The acid thus isolated was fully identified 
by its melting point, its optical rotation, and by means of an 
elementary analysis. Ohta also described in some detail ex- 
periments on a few rabbits and dogs which had received fairly 
large quantities of sodium malate per os and by subcutaneous 
injection. By determining the percentage of malic acid in the 
urine of his experimental animals, Ohta concluded that in some 
cases malates escaped complete oxidation m the body. The 
percentage elimination was, however, always small, never ex- 
ceeding 5 per cent of the amount given by mouth, and never 
more than 6 per cent of the amount injected subcutaneously. 

The present paper gives the results of a comparative study of 
the elimination of malates following subcutaneous injection of 
sodium malate in rabbits and in cats. In view of the incom- 
pleteness of Ohta’s protocols and the meagemess of his analytical 
data, some of his experiments have been repeated. 

♦ Published with the permission of the Secretary of Agriculture. 

t This problem was suggested by Dr. William Salant, Pharmacologist 
in charge of the Pharmacological Laboratory, Bureau of Chemistry, United 
States Department of Agriculture. 

* Ohta, K,, Biochem. Z., 1912, xliv, 482. 
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EXPERIMENTAL. 


Analytical Procedure. 


Repetition of Ohta's work led to an examination of his method for the 
determination of malic acid in urine. His procedure involves a modi- 
fication of Yoder’s polariscopic method- for the determination of malic 
acid in maple products. This method depends on the enhancement of 
the levorotation of malic acid solutions caused by the addition of uranyl 
acetate. 

In his preliminary experiments, which need not be given in detail, 
Ohta used 5 cc. of a saturated aqueous solution of uranyl acetate for every 
10 cc. of normal’ urine to which known quantities of malic acid had been 
added. He assumed that the uranyl acetate was then present in excess, 
and after filtering his mixture, polarized the clear yellow filtrate and cal- 
culated the amount of malic acid by the use of Yoder’s empirical formula* 
The fact that he could recover 93 per cent of the malic acid added seemed 
to show that his technique was correct, and the procedure was followed 
in determining the amount of malic acid eliminated by his experiments 
animals. 

In a series of experiments in which Ohta’s method was used on norma 
urines containing known amounts of malic acid, the authoV was m some 
cases able to recover 88 per cent of the malic acid present. In other unnes, 
however, the filtrate after uranyl acetate addition was optically inactive, 
and it was impossible to show even the presence of malates. It soon 
became evident that the success in following Ohta’s procedure depende 
on the nature of the individual urines examined. In some cases phos- 
phates or other urinary constituents caused complete precipitation o 
the uraniiun reagent, leaving an optically inactive filtrate, and thus m 
validated the test. It was found necessary, therefore, to devise a mo 
cation which would insure a true excess of uranyl acetate in the filtra 
used for polarization. 


The following analytical procedure, involving a slight but 
essential modification of Ohta^s method, was found satisfactory 


for the determination of small amounts of malate in urine. 


10 


cc. of urine,^ neutralized (litmus) with normal NaOH or wi 
dilute acetic acid, depending on the initial reaction to 
were treated with 2 cc. of a 30 per cent acetic acid solution an 


2 Yoder, P. A., J". Ind. and Eng. Chem.j 1911, iii, 569. 

* Malate-free urine, which after neutralization with NaOH was aci 
fied with varying amounts of acetic acid. 

* If the urine is alkaline and contains a sediment, it is best first 
der the mixture acid with hydrochloric acid, filter, and exactly neu ra 
the filtrate with NaOH. 
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diluted with water to 25 cc. ( or to some other definite convenient 
volume),* Powdered uranyl acetate was added in large excess, 
the mixture boiled for about 2 minutes, and vigorously shaken. 
After heating, solid uranyl acetate still remained in contact with 
the solution. Upon cooling to room temperature, the solu- 
tion was again diluted 'to 25 cc. (or to the volume which obtained 
prior to heating), and the mixture allowed to stand no less than 
5 hours in a dark cupboard. At the end of this period the solu- 
tion was filtered into a 200 mm. or a 100 mm. observation tube 
and polarized at about 20°, using white light and the bichro- 
mate cell. The Bates saccharimeter was used in all determina- 
tions, the scale reading in degrees Ventzke. The percentage of 
malic acid present in the solution was found from data tabulated 
by Gore.^ By a simple proportion the amount of malic acid 
in the initial volume of solution was computed and the weight 
of sodium malate estimated. 

Table I shows with what success the above method may be 
applied and also indicates the limitations of the method. 


TABUE I. 

Results of Preliminary Experiments on a Method for the Determination of 
Malic Acid in Urine. 


Urine (normal). 

Malic acid 
added to 10 cc. 
of urine. 

Malic acid 
i recovered. 

1 

Human 

mo. 

12.5 

25 

50 

mo, 

14.4 

24 

49.8 

118 

116 

Q4 

« 

cc 

“ 

12.^ i 

« 

125 

(C 

inn 

Rabbit.. 

Jll/U 

37.2 

t( * 

O/ 4 o 

50.6 

49.2 

(t 

vJU 

cc 

01/ 

inn 

93.8 

Non©* 

« ' * * 

lUU 

None. 

Cat 

inn 

95 

4* 

lUU 

inn 

94.6 


lUu 



' Gore, H. C., Report on Fruit and Fruit Products, J. Assn. Off. Agric. 
Chem., 1915, i, 481. 
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Experiments have shown that the above procedure may be 
carried out with slight modification in the presence of glucose. 
In glycosuria; it is essential tc make a polarinaetric reading® 
prior to the addition of uranyl acetate, and to make allowance 
for the dextrorotation by adding it to the levo reading obtained 
after addition of the uranium reagent. 

Animal Experiments* 

Aqueous solutions used for injection ordinarily contained 
100 gm. of anhydrous sodium malate per liter of solution, and 
are referred to in the protocols as 10 per cent solutions. When 
occasional large injections were necessary, 25 per cent solutions 
were used. Urines of the experimental animals were preserved 
\rith toluene and were analyzed as soon as possible after collec- 
tion. In each experiment a convenient aliquot portion of the 
total urine voided during a 24 or 48 hour pre-observational 
period was polariscopically examined according to the above 
procedure,^ In a few cases such urines showed a negligible op- 
tical activity; ord^arily they were optically inactive. Aliquot 
portions of the urine eliminated during the 22 to 24 hour period 
foUowmg injection were examined and their malate content was 
determined. The urine of a second 24 hour period was also 
analyzed. In most cases all of the undestroyed malic acid (found 
m the urine) was eliminated in the course of the first 24 hours 
o owing malate injection. In some individuals, however, small 
but appreciable quantities of malate could be recovered from 
e unne the 2nd day following injection. In such cases the 
amount eliminated was so small that further search for malate 
was ordinarily deemed unnecessary. 

Experiments loith Oai~Fed Rabbits. 

In jection of sodium malate was in all cases followed by marked 
elirnination of malates in the urine. In two cases, 3.3 gm. of 
sodium malate per kilo of body weight were injected, but as one 
of our experimental animals (Rabbit 1) died within 48 hours 
after such an injection, the dose was decreased to 1 gm. per kilo 
in our other experiments. The protocol of Rabbit 1 follows. K 
should be noted that the percentage elimination of malate is io 

* The error in glucose reading, owing to the very slight levorotation 
of the malic acid, is negligible. 
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PROTOCOL I. 

SuhctUaneous Injection of Oat^Fed Rabbit i with S.S Gm. of Sodium Malate 

per Kg, 


Date. 

Time. 

Horn arks. 

Urino clirainsted. j 

1 ; 

Data relating to malate 
olimination in urino. 

Oct. 30 


Weight 1.705 kg. 

i 


Nov. 1 

9.00 a.m. 

43 hr. urine col- 

80 cc. 

Urine was optical- 



lected. 

t 

1 

! 

ly inactive after 
uranyl acetate ad- 
dition. Malates 
and other optically 
active substances 
absent. 


11.20 

Injected subcu- 
taneously (two 
sites) 22.5 cc. 
of a 25 per cent 
sodium malate 
solution (f.e., 
5.63 gm. of sod- 





ium malate). 




11.50 “ 

No symptoms 





noted. 




1.30 p.m. I 

No symptoms 




1 

j 

other than di- 
arrhea. 




4.30 “ 

No further symp- i 





toms noted. | 



" 2 

9.00 a.m. 

Muscular inco- 




9.30 " 

ordination and 
tremors noted. | 
Marked weak- 
ness of the ex- i 
tremities. 

i 

1 

j 



24.5 hr. urine col- 

100 cc. Urine 

Dextrorotatory prior 



lected. 

alkaline. 

to uranyl acetate 




Glycosuria, 

addition. Total 
elimination corre- 





sponds to 970 mg. 
of sodium malate 
(due correction be- 
ing made for glu- 
cose) - 17 per cent 
of the total malate 

" 3 

9.00 " 

Rabbit found 


injected. 



dead. 
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TABLE in. 

Summary of Experiments on Carrol-Fed Rahhiis, 


Rabbit. 

Sex. 

Description. 

Weight. 

Sodium 
malate 
injected 
per kg. of 
body 
weight. 

1 

Sodium 

malate 

injected. 

Sodium malate 
eliminated. 





gm. 

am. 

gm. I 

per cent 

8 

$ 

Maltese. 


1.0 

2,08 

mm 

11,5 

9 ' 

9 

{( 


1.0 

2.35 


16.0 


& 

White. 

1.445 ! 

1.0 

1.45 

0.26 

18.0 

11 

cf’ 

Belgian. 

2.335 

1.0 

2.35 ' 

0.25 ! 

10.5 

Average . . 



1 

1 

1 

14.0 


observation in separate cages for a month or more. The cats 
were in good condition and ate normally at the outset of the 
present experiments. 

A preliminary trial, in which doses of 3.3 gm. of sodium malate 
per kilo of body weight were subcutaneously injected into two 
cats, resulted in the death of one animal, whose urine during the 
observational period was not examined. In consequence the 
dose was decreased to 1 gm. per Idlo, In general, these smaller 
doses caused no symptoms or, at most, a slight general depres- 
sion. Malates were invariably found in the urine after injec- 
tion, as shown in Table IV. 


TABLE IV. 

Summary of Experiments on Cats. 


Cat. 

Sex. 

Description. 

Weight. 

Dose per 
kg. 

Sodium 

malate 

injected. 

Sodium malate 

eliminated. 




kg. 

1 

4 



1 

9 

White and tiger. 

2.4 



2 

cf 

Black and white. 

2.4 



3 

9 

Black. 

2.385 




4 

cT 

Gray and white. 

1.83 




5 

9 

i White prd ti 

2.45 




6 

cf 

« ■ 

a.98 




6* 

, & 


12 




Average. 







* Reinjected 
injection. 


Protocols III 
















PnOTOCOL 

SvhcutaneoxiB Injection of Cat 2* with i (7m. of Sodium Malate per Kg, 



Nov. 15 9.CH) a.m. Condition of 
animal good. 
48 hr. urine 
collected. 


Rations. 


Data relatini; to 

1 

IWcat. 

Water. 

Urine voided. ' 

malato elimination 
in orino. 

! pm. 

cc. 



100 

40 

70 CC. 

Urine inactive 


1.05 p.m. 
2.50 “ 
4.25 “ 

” 16 9.00 a.m. 


Injected sub- 
cutaneously 
24 cc. of a 
10 per cent 
sodium ma- 
late solu- 
tion. 

No symptoms 
noted. 

No symptoms 
noted. 

No symptoms 
noted. 

Animal appar- 100 80 
ently nor- 
mal. 


" 18 9.00 « 


Faint trace 
of albu- 
min. No 
glycosu- 
ria. 


56 cc. 

Free from 
albumin 
and su- 
gar. 


** 17 j 9.00 a.m. 


100 30 


100 20 


after addi- 
tion of ura- 
nyl acetate. 
Malales ah~ 
sent. 


Test for ma- 
lates made 
on 10 CC; of 
urine showed 
rotation of 

- 3.00° V. in 
a 1(K) mm. 
tube. This 
corresponds 
to a (o(af 

' elimination 
of 410 mg. of 
sodium ma- 
late; i.e,, a 
17 per cent 
elimination. 

Test on 10 cc. 
of urine 
showed ro- 
tation of 

- 0.35° V. 
Total elim- 
ination of 50 

' mg. of sodi- 
um malate; 
i.e., 2 per 
cent. 

! Malales absent 


— -■ ’ ■ — — « > t I 

4 sodium citrate per kg. subcutaneously, on Oct. 

4, 1915. Weight of animal on Nov. 13, 1916, 2.4 kg. 


:93 










PROTOCOL IV. 

Subcutaneous InjccHon of Cat 1* tviih 1 Gm. of Sodium Malate per Kg. 


iDalc. I Time. 


Remarks. 


Rations. 


[Meat I Water,! 


. . Data relating to 

Urine voided, malate ehtniDatlon 
in urine. 


Nov. 13 9.00 a.m. Weight 2-.4 kg. 

Condition 

good. 

16 9.00 4S ixr. urine 

collected 
(49 hr. ra- 
tions). 


102 cc. con- 
taining 
neither 
albumin 


Test for ma- 
lates on 10 
cc. of urine 
negative. 


1.05 p.m. 


9.00 a.m. 


Injected sub- 
cutaneous- 
ly 24 cc. of ! 
a 10 per I 
cent sodi- . 
um malate 
solution. 

No symptoms 
noted. 

I No symptoms 
noted. 

No symptoms 
noted. 

Animal ap- 
parently 
normal. 


105 cc. No 
albumin 
and no 
sugar. 


17 9.00 


Animal ap- 
parently 
normal. 


Test on 10 
cc. of urine 
shows a ro- 
tation of 
-3.55° V. in 
100 mm. 
tube. This 
reading cor- 
responds to 
a total elimi- 
nation of 900 
mg. of sodi- 
um malate; 
t.c., 37.5 per 
cent elimi- 
nation. 

Test for ma- 
lates on 10 
cc. of urine 
negative. 


^Received 1 gm. of sodium citrate per kg. subcutaneously, on Oct. 
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DISCUSSION. 

As shown by the results of preliminary experiments, the quan- 
tity of uranyl acetate necessary to permit the quantitative es- 
timation of malates in the urine of certain individual animals 
is much greater than the amounts used by Ohta in his work. 
It appeared possible therefore that Ohta himself did not in every 
case secure a quantitative determination of the malates present 
in the urine. As a matter of fact, the anal 3 riical figures given 
above indicate strongly that his data were subject to error. His 
general conclusion that malates are incomplelely destroyed in 
the body is substantiated by the figures given above, and indeed 
more strikingly than by his own. Whereas Ohta was never able 
to recover from the urine more than 6 per cent of the amount of 
malate injected into rabbits, and was in the case of one urine 
unable to demonstrate the presence of malates, the results of 
the present paper show an elimination of from 3 to 21 per cent 
of the total malate injected. Comparative data obtained with 
oat-fed rabbits on the one hand, and carrot-fed rabbits on the 
other, indicate that the effects of diet on malate elimination are 
negligible in the case of these animals. Without wishing to 
overemphasize an average of results which themselves cover a 
rather wide range, it may be well to point out that rabbits elimi- 
nate, on the average, 14 per cent of the malate injected, whereas 
the average elimination in cats is 26 per cent. 

The loyest elimination in the case of rabbits was 3 per cent; 
the highest was roughly 21 per cent. The lowest malate elimi- 
nation in the case of cats was about 17 per cent, the highest 
exceeded 41 per cent of the amount injected. A real difference 
therefore appears to exist between cats and rabbits in their 
ability to destroy malates after subcutaneous injection. 

SUMMAHT AND CONCLUSIONS. 

The estimation of small amounts of malic acid in urine was 
satisfactorily accomplished by using a modified Ohta-Yoder 
method. The essential modification consisted in saturating the 
urine with powdered uranyl acetate, instead of adding a saturated 
solution of the reagent. 

2. Sodium malate, injected subcutaneously in moderate doses, 
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was shown to be incompletely destroyed by rabbits and catS; 
and was eliminated in the urine. Rabbits eliminated from 3 to 
21 per cent, whereas cats eliminated from 17 to 41.5 per cent of 
the total amount of malate injected. 

3. Elimination of undestroyed malate in the urine of the ex- 
perimental animals was usually complete within 24 hours after 
injection. 

4. Subcutaneous injections of sodium malate in amounts 
not exceeding 1 gm. per kilo were not followed by nephritis or 
glycosuria. 

5. Rabbits showed no toxic symptoms after receiving sub- 
cutaneous injections of sodium malate in amounts not exceed- 
ing 1 gm. per kilo. Subcutaneous injections of corresponding 
amounts of sodium malate into cats caused either no symptoms 
or at most a slight temporary depression. 

6. Toxic symptoms in both cats and rabbits followed the 
injection of larger amounts (3.3 gm. per kilo) of sodiiun malate. 
No effort, however, has been made to fix the lowest limit of the 
toxicity of sodium malate. 



THE RELATION BETWEEN THE WATER AND GLUCOSE 
CONCENTRATION OF THE BLOOD. 

Br ALMA HILLER anp HERMAN 0. MOSENTHAL, 

(From the Medical Clinic of the Johns Hopkins Hospital, Baltimore,) 

(Received for publication, October 14, 1916.) 

Polyuria, edema, and desiccation are all characteristic manifes- 
tations of diabetes mellitus. These changes in the water metabo- 
lism are generally regarded as the result of glycosuria and the 
increase of glucose in the fluids and tissues of the body. All at- 
tempts to associate hydremic or inspissated blood with a parallel 
increase or diminution of the blood sugar have thus far failed, 
and Morawitz/ in summarizing the situation, shows how the 
blood of the diabetic has been found by some investigators to be 
inspissated, while others have demonstrated a hydremia. From 
the therapeutic point of view, these questions are of great im- 
portance, for on their solution depends the regulation of the dia- 
betic’s water intake. Applying micro methods to this problem, 
it was possible to obtain the blood in 10 to 15 minute intervals, 
determine the sugar and water content in each specimen, and 
note the relation between the two. Where it was desired to 
raise the sugar content of the blood, glucose was given by mouth. 

The method of Lewis and Benedict^ was used to determine the blood 
sugar. The water content of the blood was ascertained by putting about 
1 cc. of freshly drawn blood into a tin capsule of known weight, weighing 
immediately to determine the quantity of blood, placing the capsule, after 
removal of the cover, in a drying oven at 98®C. for 24 hours, then allowing 
it to remain in a desiccator for 4B hours, or until a constant weight was es- 
tablished; after weighing again, the percentage of water lost could be 
calculated. This method has errors which are apparent. However, it 
yields results which are comparative, the error being constant. Good du- 
plicates are obtained with this procedure, as may be seen in Table I. 

i Morawitz, P., Oppenheimer's Handb. Biochem. Menschen u. Thiere, 
Jena, 1910, iv, 251. The bibliography of the subject is detailed here. 

* Lewis, R. C., and Benedict, S. R., J, Biol. Chem, 1915, xx, 61. 
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1.2 per cent, figures comparable to those obtained in the control 
cases (Table 11). What caused the one very high figure for hy- 
dremia in H. is an open question. In G. a large volmne of urine 
was put out constantly during the period of observation. This 
apparently did not affect the water concentration of the blood. 

The exhibition of 100 gm. of glucose in normal individuals has 
no effect in changing the concentration of the blood. Polyuria 
observed during the course of 3 hours does not necessaril}^ result 
in variations of the water content of the blood. 

TABLE m. 


Data on Normal Individuals Receiving 100 Gm. of Glucose. 


Case. 

Time. 

Blood. 

Urine 

Glu- 

cose. 

Water. 

per tr. 






per ctn 

per CCT 

ec. 

H. Nonnal. 

8.45 

a.m. 



0.09C 

76.6 



8.47 

cc 

100 

gm. of glucose in 300 







cc. of water. 





9.00 

It 

15 min. interval. 

0.085 

78.9 

7 


9.15 

U 

15 

it it 

0.124 

76,7 

25 


9.31 

it 

16 

it tt 

0.120 

77.9 

64 


9.45 

it 

14 

it tt 

0.099 

77.7 

96 


10.00 

it 

15 

tt tt 

O.OSO 

77.4 

72 


10.30 

it 

30 

tt it 

0,072 

77.6 

52 


11.01 

it 

31 

it it 

0.062 

77.4 

69 


12.03 

p.m. 

62 

tt it 

0.077 

76.6 

130 

G. Normal. 

8.35 

a.m. 



0.109 

79.2 

120 


8.42 

it 

100 gm. of glucose in 300 







cc. of water. 





8.55 

tt 

20 min. interval. 

0.112 

78.9 

2Io 


9.10 

tt 

15 

tt tt 

0.132 

79.3 

137 


9.30 

it 

20 

it u 

0.137 

79.6 

320 


9.49 

tt 

19 

if tt 

0.111 

78.6 

215 


10.27 

tt 

38 

tt it 

0.103 

78.8 

I60 


11.28 

it 

61 

tt it 

0.109 

79.1 

l3o 


Cases oj Diabetes Mellitus Receiving 100 Gm. of Glucose. * ^ 

of these cases are detailed in Table IV. In patients E. an 
hydremia and glycemia show no parallel whatever. 
water concentration of the blood runs a course much as i 



TABLE IV, 


Relation between Water Concentration and Glucose of the Blood in Diabetics 
in Whom a Hyperglycemia Is Produced by the Administration of Glucose, 


Case 

Time. 

Blood. 

i Urine 
volume 
per hr. 

GIu*. 

cose 

Water, 





per cent 

per cent 

cc 

R, Diabetes mellitus. 

8 45 a.m. 



0 137 

78 9 ’ 

76 


8 46 " 

100 gm. of glucose 






in 300 

cc. of 






water. 



i 



9 10 “ 

25 min. interval. 

0 171 

78 9 

205 


9 25 '' 

15 

a 

0 200 

78 8 

77 


10 07 

42 “ 

i{ 

0 240 

79 2 

50 


21 07 “ 

60 “ 

it 


79 6 1 

88 


11 36 “ 



0 23Sj 

1 

83 


12 10 p.m. 

63 “ 

if 

0 123 

79 3 

48 

B. Diabetes mellitus. 

8 52 a.m. 



0 070 

79 6 1 

172 


8 55 « 

40 gm. of glucose 






in 300 

CC. of 






water. 






; 9 12 " 

20 min. interval. 

! 0 090 

78 8 

117 


9 25 « 

13 “ 


0.186 

79 5 1 

134 


9 40 “ 

100 cc. of water. 

1 




9 43 “ 

18 min. interval. 

0 210j 

78 0 i 

312 


10 32 « 

49 

a 

0.218 

77.2 

380 


10 40 « 

100 cc. of water. | 





11 30 « 

68 min. interval. 

0 210 

77 8 

34 

E, Diabetes mellitus. 

9 20 a.m. 



0 108 

79 7 



9 25 “ 

100 gm. of glucose 






in 300 

CC, of 1 






water. 






9 45 “ 

25 min. interval. 

0 126 

79 3 

138 


10 45 

60 “ 

li 

0 171 

78 9 



10 58 “ 





895 


11 55 « 

70 “ 

ti 

0 173 

79 6 



12 20 p.m. 





365 


12 45 '' 

50 “ 

tt 

0.126 

79 7 

105 

C. Diabetes mellitus. 

8 45 a.m. 



0 091 

78 1 

142 


S 48 

100 gm. of glucose 






in 300 

> CC. of 






water. 






9 10 ‘‘ 

25 min. interval. 

0 124 

77 6 

122 


9 30 « 

20 

tt 

0.210 


110 


9 50 ** 

20 

tt 

0 190 

78 3 1 

83 


10 25 

35 

tt 

0 174 

78 6 

94 


11 07 " 

42 '' 

a 

0 155 

78 6 

102 



12 OOn. 

53 ** 

it 

0 094 

78 0 

52 
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TABLE IV— Concluded, 


Case. 

1 

Time. 

Blood. j 

Urine 

Glu- 

cose, 

Water, 

per lir. 

i 

D. Diabetes mellitus. 

Mar. 1 Glycemia as ob- 
15 served in the 

“ 17 course of the 

disease. No glu- 
cose adminis- 

tered. 

per cent 

0.356 

0.146 

0.134 

pfT cenf 

79.0 

79.4 

79.7 

ec. 


the control individuals in whom no hyperglycemia was produced. 
How independent these two factors are of one another is seen in 
the last case, D., of Table IV, where a gtycemia of 0.356 per cent 
was accompanied by a lower hydremia than a blood sugar of 
0.134 per cent. In a very few cases (R., Table IV), a suggestive 
parallelism may be observed between the water and glucose con- 
tent of the blood; in others (B., Table IV), an apparent effect of 
polyuria in inspissating the blood is manifested. Various authors 
have noted a tendency on the part of the blood and tissues to 
lose water® during the final stages of diabetes. It is probable 
that the excessive polyuria in such cases is the controlling factor. 

CONCLUSIONS. 

The water concentration of the blood in the normal individual 
often shows a variation of about 1 per cent during the course of a 
few minutes. There is no assignable cause for this inconstancy. 
Raising or lowering the sugar content of the blood does not give 
rise to a corresponding change in its concentration. If glycenn^ 
plays a part in controlling the water content of the blood, this is 
so slight in its effect that other factors, such as polyuria, etc., 
nullify its results, except in rare instances. 

^ Magnua-Levy, A., Arch. exp. Path. u. Pharm., 1901, xlv, 389. 

T., Z. Min. Med., 1902, xlv, 260. Dennstedt, M., and Rmnpf, T., • 

Afcd., 1906, Mil, 84. Von Noorden, C., Metabolism and Practical r* 
cine, Chicago, 1907, iii, 614. 











THE FOLIN AND DENIS METHOD OF NITROGEN DE- 
TERMINATIONS BY DIRECT NESSLERIZATION, AND 
ITS APPLICATION TO SPINAL FLUIDS. 

Bv R. L. ICAHN. 

{From the Research Laboratory, Bureau of Laboratories, Department of 
Health, New York City.) 

(Received for publication, November 1, 1916.) 

Folin and Denis^ have recently modified the micro method 
for nitrogen determinations, by substituting phosphoric acid 
for part of the sulfuric acid ordinarily employed in the destruc- 
tive digestion of the nitrogenous material and by reducing the 
amount of free alkali in Nessler’s reagent. These changes have 
enabled them to Nesslerize directly the ammonia produced dur- 
ing the digestive process, thus eliminating the aeration procedure 
connected with these determinations. 

In attempting to apply this method to nitrogen determina- 
tions in spinal fluids, a serious difficulty has been encountered. 
Folin and Denis have already directed attention to the turbidity 
of the Nesslerized solutions due to the presence of silicates formed 
by the action of phosphoric acid and heat on the glass during 
the destructive digestion. They advise the removal of these 
silicates either by centrifugation or by filtration through a small 
cotton plug and state, "if the sediment obtained is mixed with 
a red deposit, the Nesslerization has not been successful and the 
determination must be discarded.” 

The difficulty just discussed has actually presented itself in 
this laboratory in every determination carried out according 
to the original directions. Furthermore, the standard solution 
also invariably showed clouding, indicating that the turbidity 
is not due to the sihcates alone. In these trials, the concentrated 
acid mixture employed consisted of three volumes of concentrated 
phosphoric acid, one volume of concentrated sulfuric acid, and 
one-fifteenth volume of 10 per cent copper sulfate solution. 
The two acids were first mixed and allowed to stand over night 

‘ Folin, 0., and Denis, W., J. Biol. Chem., 1916, xxvi, 473. 
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to facilitete the precipitotion of calcium. The mixture was then 
filtered by means of a Buchner funnel, through a dry^mat of 
asbestos, after which the copper sxilfate solution was added. 

15 cc. of 10 per cent sodium hydroxide were found to be suf- 
ficient to neutralize 1 cc. of the concentrated acid mixture and 
permit a surplus of 2 cc. of alkali in the solution. This was de- 
termined in the following manner. 1 cc. of the concentrated 
acid mixture on titration with 10 per cent sodium hydroxide, 
with phenolphthalein as an indicator, reqiured 9.5 cc. of alkah 
for neutralization. About three-fourths of this acidity (or 7.1 
cc.) was due to phosphoric acid. As pointed out by Folin and 
Denis, one-third of the base combining power of the phosphoric 
acid is not included in the titration value. Therefore, 9.5 cc. + 
3.5 cc., or 13 cc., were required for the neutralization of the 
acid. In order to permit a surplus of 2 cc. of 10 per cent sodium 
hydroxide, 15 cc. of the alkali were emplo^’^ed. 

IsTessler solution was prepared precisely as directed by Folm 
and Denis. 

An attempt to ascertain the nature of the precipitate respon- 
sible for the turbidity in the standard disclosed by phj^ical and 
chemical examination the probable presence of calcium. The 
precipitate of calcium formed on mixing the concentrated phos- 
phoric and sulfuric acids, as stated above, is filtered off through 
a mat of asbestos. Traces of calcium, however, are soluble in an 
acid solution. When, therefore, the solution is rendered alka- 
line by the addition of 10 per cent sodium hydroxide, these traces 
separate out and caxise turbidity on Nesslerization. 

Having thus been unable to prepare clear solutions for color 
comparisons, an attempt was made to filter ofif‘ the precipitate 
before Nesslerization. The results were entirely satisfactoiy* 
Nessler solution was thus added to water-clear filtrates in ^ch 
case and clear solutions for color comparisons were obtaine 
without exception.- 

- It is likely that due to a higher purity of chemicals emploj'sd in the 
laboratory of Folin and Denis, no precipitation occurred on addition o 
the 10 per cent alkali. However, as is indicated by their statement 
above, apparently some determinations have to be discarded from i 
to time on account of the red deposit mixed with the precipitate. ^ 
the modification suggested, no determination need ever be discar 
is pointed out in the text later. 
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The probable loss of ammonia during the filtration process 
early suggested itself. On addition of a sufficient quantity of 
10 per cent sodium hydroxide to neutralize the concentrated 
acid and permit a surplus of 2 cc. of alkali, ammonia is set free 
in the solution. Inasmuch as ammonia is extremely volatile, 
it was feared that traces of it might be lost during the filtration 
process. It was found, however, that owing to the extreme sol- 
ubility of ammonia, significant losses do not occur. This was 
determined in the following manner. 

To a 100 cc. volumetric flask. A, were added 1 cc. of the con- 
centrated acid mixture, 15 cc. of alkali, and 20 cc. of the stand- 
ard ammonium sulfate solution containing 1 mg. of nitrogen, 
made up to the mark, shaken, and filtered. 50 cc. of the water- 
clear filtrate were measmed out into another 100 cc. volumetric 
flask, 10 cc. of Nessler solution added, made up to the mark, and 
shaken. To a volumetric flask, B, were added 1 cc. of con- 
centrated acid, 15 cc. of 10 per cent alkali, and without adding 
the standard ammonium sulfate solution, this was made up to 
the 100 cc. mark, shaken, and filtered as above. To 50 cc. of 
this filtrate were added 10 cc. of the standard ammonium sulfate 
solution, Nesslerized, made up to 100 cc., shaken, and compared 
on the colorimeter, with a solution of flask A. The color in- 
tensity of these two solutions was foimd to be identical. The 
free ammonia present in flask A was, apparently, completely 
held in solution. This experiment was repeated three times 
with the same results. 

As a result of these findings the following modification of the 
direct Nesslerization method has been adopted for the determina- 
tion of total and non-protein nitrogen in spinal fluids. The 
same principle is, of course, available in the other applications 
of the micro method. 

Total Nitrogen. — 2 cc. of spinal fluid are pipetted into a test- 
tube, 1 cc. of the phosphoric-sulfuric acid mixture added, and 
the digestion carried out over a micro burner until the appear- 
ance of sulfuric acid fumes. The mouth of the test-tube is then 
covered with a watch-glass and heating continued for about a 
minute. The color obtained usually is straw-yeUow. After 
permitting the test-tube to cool, the contents are rinsed quan- 
titatively into a 100 cc. volumetric flask, using about 60 cc. of 
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water in the process. 15 cc. of 10 per cent sodium hydroxide 
solution are added to neutralize the cc. of concentrated acid 
and permit a surplus of 2 cc. of alkali. It is then made up to 
volume, shaken, and filtered. 

Into another 100 cc. volumetric flask are pipetted 1 cc. of the 
concentrated acid mixture, diluted, 20 cc. of the standard am- 
monium sulfate solution; and an amount of 10 per cent alkali 
solution equal to that added to the unknown. This also is made 
up to volume, shaken, and filtered. 

Aliquot portions of these filtrates are employed for Nessleri- 
zation, the amounts used depending on the quantity of nitrogen 
present in the total amount; also perhaps on the type of glass- 
ware used. Thus, if the total amount of nitrogen in the digestive 
mixture is equivalent to about 1 mg., the Nesslerization may b® 


completed in several ways. 

25 cc. of the water-clear filtrates of both the unkno^^vn and 
standard may be pipetted into two 100 cc. volumetric flasks, 
dilated to about 75 cc. with water, 10 cc. of Nessler solution added 
to each, made up to volume, shaken, and the colors compared 
on the colorimeter. The standard in this case will contain 0.25 
mg. of nitrogen and the calculations are made accordingly.^ 
desired, 50 cc. quantities of the filtrates may be pipetted into 
two 100 cc. volumetric flasks, 10 cc. of Nessler solution added 
to each, made up to volume, and the colors compared. In t^ 


case the standard wiU contain 0.5 nag. of nitrogen. Then again, 
25 cc. quantities may be pipetted into 50 cc. volumetric fiasfa, 
Nesslerized, and the colors compared as above. The possibili- 
ties for error are reduced to a minimum in each case, because 
the standard and unknown, with the exception of the destructive 
digestion, go through the same preparation and filtration, si e 
by side. Furthermore, no determination need be discar e 
due to an error or accident during Nesslerization. Them is 
always a sufficient quantity of water-clear filtrate on han 


repeat the process. , 

The importance of obtaining water-clear filtrates cauno 
overemphasized. The precipitate of calcium formed 
addition of the 10 per cent alkali is gelatinous in character IP 
ably tertiary calcium phosphate, Ca3(P04)2)/ and traces 
pass through the filter paper on the first filtration. 
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times necessary, therefore, to pour the filtrate back into the 
same funnel and refilter. 

Non-Protein Nitrogen . — For the precipitation of the proteins 
from the blood, Folin and Denis^ employ a freshly prepared 25 
per cent solution of glacial phosphoric acid. To 5 cc. of blood 
in a 50 cc. volumetric Sask they add about 20 cc. of water and 
3 cc. of glacial phosphoric acid, shake vigorously for 5 minutes 
or more, make up to volume, and filter through a dry filter paper. 
For a nitrogen determination they employ 10 cc. of the filtrater 
In view of the fact that the spinal fluid used contains relatively 
minute amounts of protein, it seemed unnecessary to dilute 
this fluid for precipitation. To 5 cc. of spinal fluid in a large 
sized test-tube are added quantitatively 2 cc. of a freshly pre- 
pared 25 per cent glacial phosphoric acid solution. The test- 
tube is then stoppered and either vigorously shaken for about 5 
minutes or permitted to stand 1 to 24 hours, and filtered through 
a small dry filter paper. For duplicate nitrogen determina- 
tions, 3 cc. quantities of the water-clear filtrates are used for di- 
gestions. From this point the procedure employed is identical 
with that described for total nitrogen. In each case Nessler 
solution was added to water-clear filtrates and not a single de- 
tennination had to be discarded. 

Urea Nitrogen . — ^The direct Nesslerization method for urea 
determinations in the blood as outlined by Folin and Denis^ 
was adopted for the determinations of urea in the spinal fluid, 
as follows: 

To 5 cc. of spinal fluid in a 100 cc. volumetric flask are added 
about 5 cc. of water and 0.1 gm. of dry mease, shaken, and per- 
mitted to stand at room temperatme from 15 to 20 minutes. T his 
is then diluted with about 50 cc. of water, 2 cc. of freshly pre- 
pared glacial phosphoric acid added, also 0.5 gm. of Merck’s 
blood charcoal, and made up to volume. This is shaken from 
time to time and allowed to stand for 45 minutes or more, when 
it is ready to be filtered. Definite portions of the water-clear 
filtrates are used for Nesslerization as in the cases of the total 
and non-protein nitrogen determinations. 

’ Folin and Denis, J. Biol. Chem,, 1916, xxvi, 491. 

* Folin and Denis, J. Biol. Chem., 1916, xxvi, 505. 
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In view of Ihe fact that the aeration method for micro nitrogen deter- 
minations is still largely employed, it may not be amiss, in this connection, 
to point out some of the more important difficulties encountered by this 
procedure. 

The suction created by a water pump was utilized in this laboratory, 
for the aspiration of ammonia into acid solutions. The velocity of the 
water was irregular, depending apparently at any given time on the quan* 
tity of water used in other parts of the building. Aerations, therefore, 
had to he carried on for comparatively long intervals — about 3 hours at 
a time. Even then, however, much of the work had to be discarded, be- 
cause on further aspiration into fresh absorption solutions, traces of am- 
monia would again and again be found to have escaped aeration. 

It is generally stated in text-books that 15 minutes of rapid aeration 
are sufficient to aspirate the ammonia completely into acid solutions. 
Whether this short period is sufficient is probably questionable. On 
many occasions in this laboratory (on holidays, for instance, when prac- 
tically no one else in the building employed water), the rapidity of the 
air current was nearly as great as the apparatus would permit, and after 
40 minutes of such aeration, traces of imaspirated ammonia were demon- 
strated several times. 

Another factor not sufficiently emphasized in text-books is that during 
a rapid aeration, when the ammonia is aspirated into a single acid tube, 
traces of ammonia will escape absorption. 

From these findings, it appears that in agreement with the statements 
of various other investigators,® in order to insure the complete removal 
of ammonia and avoid any possible loss of the same; (1) a rapid air current 
is absolutely essential; (2) the aeration should be carried on for about 
an hour; (3) the ammonia should be aspirated into two acid solutions 
instead of one, and these should be combined quantitatively before 
Nesslerization. 

For a time, clouding on the addition of dilute Nessler solution presente 
some difficulty. This was overcome by diluting the Nesaler solution 
further. When employing a standard of 0.5 or 0.25 mg. of nitrogen, it was 
found advisable to dilute the Nessler solution 1 : 8 instead of 1 ; 5. If 
immediately, this dilution did not give rise to the precipitation of mer- 
cnry. During the hot weather, it was found advantageous also to coo 
the solutions under cold tap water before Nesslerization. This 
was found to minimize the possibilities of clouding on the addition o cs 
sler solution. 

A series of parallel nitrogen determinations were carried oni 
by means of the aeration and direct Nesslerization methods. ^ 
the case of total and non-protein nitrogen, the latter me o , 

® Compare, for example, Davisson, B. S., Allen, E. and Strubb 
field, B. iM., Ind. and Bng. Chcm., 1916, viii, 896. 
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as modiBed in tWs laboratoiy, was employed. In the case of 
urea nitrogen, the method was used precisel3'' as outlined by Folin 
and Denis. 

The following is a tabulation of the results obtained. 

TABI.E. 


Nitrogen per 100 Cc, of Spinal Fhdd. 


No- 

Direct Nessleriration method. 

Aeration method. 

Total Nitrogen, 


VXQ, \ 

mg. 

1 

31-2) 

31.25 

2 

17.75 

17.69 

3 

18-55 

18.30 

4 

17.50 

17.47 

5 

37.72 

37.35 

6 

21.00 ’ 

21.90 

7 

22.52 

22.72 


Non^Protein Nitrogen, 


8 

; 14-00 

13.77 

9 

31.09 

30.97 

10 

14.00 

13.45 

11 

14.35 

14.05 

12 

15.86 

15.90 

13 

24.72 

24.85 

14 ' 

33.63 

i 

33.32 


Urea Nitrogen, 


15 

11.55 

11.22 

16 

15.75 

15.62 

17 

11.36 

11.36 

18 

20.75 

20.75 

19 

21.62 

21.62 

20 

i 6.31 

6.25 
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These results afford no evidence as to the effects of a high protein 
diet on the well-being of an animal until it is shown that the 
various other factors which operate in making up a satisfactory 
diet are so adjusted as to lead to adequate nutrition with lower 
planes of protein intake. Later studies have convinced us that 
while egg yolk contains all the organic complexes essential for 
nutrition, egg yolk as the sole food does not form a very satisfac- 
tory diet when gauged by the amount of reproduction secured or 
by the longevity of the animals so fed. A meat diet, as employed 
by Watson, can be tolerated for a time, but not without detriment* 
We have shown in discussing the vegetarian diet^ that besides the 
energy factor, four other factors, viz-^ quality and amount of pro- 
tein, character of the inorganic moiety, and content of the uniden- 
tified dietary factors, fat-soluble A and water-soluble B/ operate 
to determine whether nutrition will be satisfactory. Any one of 
these, if of an inadequate character, can lead to nutritive dis- 
aster. 

The results of the present study may be briefly summarized as 
follows: 

1. In agreement with our former experience with the feeding of 
diets high in their wheat content® we again have to emphasize the 
marked injury to the progeny which results from such restricted 
diets. 

2. We have not been able to make up a ration containing wheat 
proteins only which was adequate for rearing of the young, al- 
though we have varied the protein content from 6.5 per cent 
(Chart 1) to 47.98 per cent (Chart 10). O^er a wide range of 
protein content growth approximated the normal, but pronounce 
injurious effects of the ration were revealed in the reproduction 
records only. 

3. The addition of 10 per cent of casein to a ration which con 
tained 36,33 per cent of protein from wheat, and which was satis 

‘McCollum, E. V., Simmonds, N., and Pitz, \S Am. J. Physiol, 1916, 

xli, 333. . .Qj 

S McCollum, E. V., and Kennedy, C., J. Biol Chem., 1916, xxiv, 

' Hart, E. B., McCollum, E. V., Steenbock, H., and Humphrey, 
Wisconsin Agric. Exp. Station, Research Bull. 17, 1911- w g, 

McCollum, E. V., J. Biol. Chem., 1914, xix, 373. Hart, E. B., MHier, 
and McCollum, E. V., ibid., 1916, xxv, 239. 
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factory with respect to all dietary factors other than protein and 
an inherent toxicity, improved the ration in a marked degree 
(Chart 12). 

4. Growth was not interfered with by the inclusion of as much 
as 40.45 per cent of wheat proteins in the diet, but on this the 
young could not be reared (Chart 9). 

5. Growth was normal and the production of young was good 
on a diet containing 46.63 per cent of protein, of which 43.0 per 
cent was casein, and 3.63 per cent of wheat proteins. The cause 
of the failure to rear the young on this diet has not yet been 
definitely ascertained, but would appear to be due in great part 
at least to the shortage of the supply of the dietary factor B, the 
sole source of which was the 33 per cent of wheat in the food 
mixture. 

6. As small an amount as 15 per cent of whole wheat as the 
source of the water-soluble B, suflSces for the completion of 
growth in the rat and so promotes well-being as to induce the 
production of a nearly normal number of young. The amount of 
this substance is not great enough to enable the young to develop 
to weaning age without causing pronounced nervous disturb- 
ances which end in death (Charts 14, 16, and 17), 


r 
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Chart 1. Lot 494 received a ration so constituted as to be* entirely satis- 
factory except for its low content of protein of relatively poor quality. 
The ration contained 6.5 per cent of protein, all derived from the'wheat 
kernel. On this plane very slow but continuous increase in body weight 
took place during 4J months, when the experiment was discontinued. 

The wheat furnished an abundance of the unidentified dietary factor, 
the water-soluble B (Chart 17); the butter fat furnished additional fa^ 
soluble A, over the small amount carried by the wheat kernel. The sa 
mixture added was of a character which supplemented the inorganic con 
tent of the wheat so as to induce growth and well-being. This 
is vastly improved by the inclusion of more protein (Charts 2, 6, and ;• 
Y marks the birth of young. 
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j Chart 4. Lot 465 shows the surprising result that there is no improvement in growth 
: on a food mixture closely similar to that of Lots 493 and 464 (Charts 2 and 3) except that 
it contained 14.45 per cent of protein instead of the 7.7 per cent and 9.9 per cent in the 
I case of the two first mentioned lots. Here again growth fell somewhat below the normal 
\ rate and the animals were permanently stunted after having reached a size about 80 per 
' cent as great as the normal adult. The span of life was but 9 to 10 months. The easily 
observable improvement which resulted in raising the wheat content from 70 to 90 per 
, cent of the diet was not furthered by increasing the protein content to 14.45 per cent by 
( the addition of 7 per cent of wheat gluten. 

1 , Rat 4 died at the time of the birth of two young. 
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Chart 5. Lot 653, whose ration was entirely comparable 
viously described but contained 13.3 per cent of wheat gluten ^ . £yjj 

the protein content to 17.8 per cent, grew at the normal rate o 
adult size, and were exceptionally fine-looking animals. 
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Chart 10. Lot 604, whose diet contained 47.98 per cent of protein, all derived from wheat 
and wheat gluten, failed to grow at the normal rate. That the failure to grow was not due i 
to the high protein content per se is evident from the record of Lot 669 (Chart 15) whose 
ration contained 46.63 per cent of protein, 43 per cent of which was casein, yet they suffered i 
no depression in growth and must have been in fairly good nutritive condition, since one i 

female gave birth to four litters of young. It is the high content of the wheat proteins, and I 

their peculiar character or a toxic substance accompanying them that causes injury to the I 

animals. AYhether or not the injury results from the metabolism of a large amount of pro- | 

teins of poor quality, when the same intake of proteins yielding better proportions of j 
cleavage products would be without harm cannot be decided from the data now available. 
Proteins of poor quality from several sources must be fed at high planes of intake in order 
to furnish an answer to this question. 
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Chart 11. Lot 597 illustrates the normal growth of rats receiving » 
rotein in their diet, 26.9 per cent being derived from ^ ^ litter d 

.0 per cent as casein. Female 4 produced two litters of «oilective^c^f^^ 

ight young was reduced to four; and in these she induced ^occcd int<^ ^ 

f 97 gm. at the age of IS daj'S. Two of these during the next aj 
iition of stupor and died. The other two were + the addition o 

he mother’s diet are shown in the chart. There is little ^ growth 

; per cent of casein to this ration improved it in its power of promoting 
if admitting the rearing of young (compare with Chart 7). 
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Chart 12. Lot 59S again illustrates the ready tolerance of a high protein diet by the 
growing rat. The ration of these rats contained 46.33 per cent of protein, 36.33 per cent 
derived from wheat and wheat gluten and 10 per cent from casein. These rats appear per- 
fectly normal at this time at the age of 11 months, and none are under size. The male made 
a phenomenal growth. Reproduction was normal in amount and three litters out of nine 
were^ reared. Observations on growth alone would have failed entirely to reveal what repro- 
apparent^ tnz., that most of the rations described in this paper contain a 
hidden factor which works injury to the animals. 
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Proteins of Wheat Kernel 



? gg 25 per 

13. Lot 606 received 46.85 per cent ot f 
whS Is derived from wheat Rat 3 

and four litters of young respectively, of weighed collectively 33^ - 

of her second litter of five to the age o! 20 mother to induce growth . 

half the normal weight for this ap. ™ J gg^ ^ the one hand, which 

wung ia in marked contrast to the records ^ot 597 on^^^ „ bet 

per cent less of wheat gluten and but 5 per cen^^of propo'- 

whose ration contained 46.35 per cent p ’ letter in greater 

. roisinv of both casein and wheat gluten, rne 


percent less oi wueau r- r ^ent ot p, 

whose ration contained 46.35 per cent o p ’ j tter in greater r 

liultaneous raising of both casein and -^eat 

tion, leads to depression of the power to induce growtti 


'^sU’tafrrs 



Chart 14. Lot 676 demonstrates the fact that wheat contains a great abundance of the wate 
soluble B. This ration derived all its content of this dietary factor from its content of 35 per cei 
of wheat. The growth on this ration was extremely rapid and the reproduction records were gooi 
but the mortality of the young was high* There were but three weaned out of fift^'^ young bor 
The cause of this failure appears to be the low content of the factor B, furnished by 35 per cei 
of wheat. The demand for this factor by a growing litter of young is high. Once the young we 
weaned, the ration, without the addition of more B, was adequate for the growth of the secoi 
generation, as is shown by the two curves of the second generation on the chart. 

Without reproduction records this ration would have appeared to be near the optimum 
respect to every factor. With reproduction records, the limiting factor becomes apjsarent. Tl 
is likewise true for Lots 669 and 645 (Charts 15 and 17) respectively. 











Chart 15. Lot 669 shows that growth is not interfered with by the 
presence of a high protein content in the diet. This ration contained 
46.63 per cent of protein, 43 per cent being casein and 3.63 per cent wheat 
proteins. They were unable to rear young on this diet, but this maybe 
due to the inadequate supply of the dietary B (Chart 14), all of which was 
furnished by 33 per cent of wheat. 

Rat 4 brought five young from a weight of 28 gm. at birth to 88 gm. 
at the age of 14 days. 2 days later all were dead. The young from this 
group passed into a state of stupor before death. This condition would 
appear to be the result of the shortage of the water-soluble B in the milk. 
Since extracts containing the factor B cure polyneuritis, these results 
suggest that the young died of beri-beri. We have elsewhere shown that 
the dietary factor B is not present in the milk except when it is supplied 
to the mother in the diet.® 
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Chart 17. Lot 645 emphasizes the fact that the amount of a whole grain necessary 
to furnish an adequate amount of the water-soluble B to induce perfect growth and 
well-being is surprisingly small. This dietary factor was here supplied by 15 per cent 
of wheat and not only was growth normal, but the reproduction records were good. 
No young were reared on this diet, although in one instance a litter of five young 
died bebcv'een the 15th and 20th days. The young that lived to this age appeared 
normal until a day or two before death. They then showed periods of excitement, 
when they would dash about the cage and would at intervals sit up on their hind legs, 
and g'ave the impression of having intense muscular spasms. After a short interval 
of such behavior, they became exhausted and a period of inactivity followed. The 
young which behaved in this fashion were apparently in a well nourished state. 
Three young in one litter from this group weighed 18 gm. at birth, and at the age 
of 9 days they weighed collectively 52 gm. At the age of 16 days these young died. 
Evidently lack of milk production by the mother was not the cause of the disturbance 
in the young. Only during the last one-half to one-third of the suckling period did 
the young behave abnormally. What has been said here respecting the development and 
behavior of the young applies also to Lots 676 and 475 (Charts 14 and 16) respectively. 









THE URINARY AND FECAL OUTPUT OF CALCIUM IN 

NORMAL MEN TOGETHER WITH OBSERVATIONS 
ON THE HYDROGEN ION CONCENTRATION 
OF URINE AND FECES. 

By C. FERDINAND NELSON and J. L. WILLIAMS. 

{From the Laboratory of Biological Chemistry, University of Kansas, 
Lawrence.) 

(Received for publication, October 28, 1916.) 

Numerous investigators, among wliom we may mention Ber- 
tram,* Renvall,^ von Wendt,® Sherman, Mettler, and Sinclair,* 
and McCrudden and Pales,® have reported on the urinary and 
fecal output of calciiun in normal human beings. Bertram 
found in a 3 day period 0.167 gm. of CaO in the urine and 0.233 
gm. in the feces. Renvall found in one period in an individual 
of 71.1 kg. body weight 0.507 gm. of CaO in the urine and 0.325 
gm. m the feces. Sherman, Mettler, and Sinclair in six metab- 
olism experiments with special diets report daily urinary values 
for calcium var3dng from 0.054 to 0.307 gm. and fecal outputs 
from 0.480 to li88 gm. McCrudden and Pales found in a nor- 
mal boy weighing 27.2 kg. an average daily output of 0.3805 
gm. of CaO in the mine and 1.699 gm. in the feces. 

Variations in normal values, however large or small they may 
be, are never fortuitous, but depend on definite factors and sets 
of conditions. Just what these are in the case of calcium and 
what their relative importance is we cannot say at present, 
largely because enough normal data are not available. To say 
that calcium excretion depends on the composition of the foods 
ingested and that the amount absorbed varies in general with the 

' Bertram, J., Z. Biol., 1878, xiv, 354. 

* Renvall, G., Skand. Arch. Physiol., 1904, xvi, 94. 

^ Von Wendt, G., Skand. Arch. Physiol., 1905, xvii, 211. 

‘ Sherman, H. C., Mettler, H. A., and Sinclair, J. E., U. S. Dept. Agric,, 
Office Exp. Stations, Bull. ZS7, 1910. 

‘McCrudden, F. H., and Fales, H. L., J. Exp. Med., 1912, xv, 450. 
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Calcium in Normal Men 


amount of acid constituents present in the food or with acid 
produced or introduced into the body, disposes of the question 
too lightly. There are undoubtedly other important factors 
■which further accmnulation of normal data will bring to light. 
It would be fortunate if calcium metabolism would receive as 
much attention as basal metabolism has lately received at the 
hands of Benedict and his coworkers. It seems axiomatic also 
that if we would know more about such diseases as osteomalacia, 
rickets, osteoporosis, and infantilism, we must first have forth* 
coming sufficient data on the normal behavior of the body, with 
which to compare the findings in these pathological states. 

Most of the data now avaOable on the ndnnal urinary and 
fecal outputs of calcium have come from equilibrium experiments. 
To let an individual eat what he wants and whenever he wants 
cannot well be done when the amount of ingested food must be 
measured, so most experiments necessarily represent values on 
more or less restricted diets, particularly regarding vegetables, 
and are therefore not indicative of normal values in the best 
sense of the word. We have thought, therefore, that it might 
be worth while to report on the urinary and fecal vjalcium ex- 
cretion under conditions where no such restrictions were made. 
While we have thus not been able to determine the calcium bal- 
ance, the values recorded represent the actual amounts excreted 
under conditions which obtain in every day life, and must there- 
fore be considered in discussing normal outputs. We have also 
measured the hydrogen ion concentration of the urine and feces, 
since these values appear to be especially significant in determin- 
ing the ratio of the urinary to fecal excretion of calcium. 

EXPEBIMENTAIi. 

The subjects were four healthy men and one healthy boy, 
22, 25, 34, 70, and 13 years of age, respectively. The urinary 
and fecal outputs were measured in each case over periods o 
5 days. . 

The urine and feces were in each case carefully collecte m 
24 hour periods, the feces in small granite pails with tight covers. 
Both the urine and feces were kept in the refrigerator until a® 
alyzed. Analyses were made daily, usually begun half an o 
after the 24 hour samples were collected. The calcium, ° 
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urinary and fecal, was determined by the turbidimetric method 
recently reported by Lyman.® Duplicate and triplicate sam- 
ples were found to agree closely if care was taken while reading 
the colorimeter to place it in a good north light and well above 
the line of trees. The hydrogen ion concentrations were de- 
termined by the Sorensen indicator method as modified by Hen- 
derson and Palmer.'^ For the hydrogen ion concentration of 
feces we have followed the plan suggested by Howe and Hawk® 
of using exactly 2 gm. of moist feces to 50 cc. of liquid. 10 cc. 
of the fecal extract thus prepared, after being thoroughly cen- 
trifuged and twice filtered, were compared with diluted stand- 
ards after addition of the suitable indicator. We were able, 
contrary to the experience of Howe and Hawk, to prepare fecal 
extracts practically as clear and very little, if any, darker in 
color than our samples of urine. 


TABLE r. 


Date. 

Urine. 

Moist feces. 

1 

Total 

1 calcium. 

Volume, j 

Calcium. | 

Ph 

Amount- j 

Calcium. 

1 p 

1 

I. Normal Man, J. L. W., 

Age 25 J Weight 56 Kg. 


1 

cc. 

1 cm. 

1 

cm. 

cm. 


am. 

Nov. 15 

755 

1 0.2106 


80.9 

0.4595 


0.6701 

“ 16 

760 

0.1824 


109.9 

0.6266 


0.8090 

« 17 

965 

0.2373 

1 

159.5 

0.9175 


1.1558 

“ 18 

755 

0.1766 

1 

17.6 

0.1114 


0.2880 

" 19 

725 

0.1866 

i 

138.0 

0.8359 


1.0225 

Average. . . 

792 

0.1987 


101.2 

0.5902 , 


0.7889 


II. Normal Man, 0. H. 


Feb. 6 

1,170 

0.4129 

“ 7 

1,180 

0.4452 

“ 8 

330 

0.1286 

“ 9 

1,250 

0.4199 

“ 10 

1,405 

0.5438 

Average. . . 

1,067 

0.3901 


Age S2, Weight 79 Kg. 


175.1 

None, 

0.9307 


1,3436 

0.4452 

160.3 

None. 

0.8793 


1.0079 

0.4199 

161.5 

0.8662 


1.4100 

99.4 

0.5352 


0.9253 


' Lyman, H., J . Biol. Chem., 1915, xxi, 551. 

W. W., J. Biol. Chem., 1912-13, xiii, 

’ Howe, P. E., and Hawk, P. B., J. Biol. Chem 1912. xi, 129. 









TABLE I— Concluded. 


Date. 

Urine. 

Moist feces. 

Total 

caldum. 

Volume. 

] Calcium. 

1 Ph 

Amount. 

1 Calcium. 

1 

Ill, Normal Man, 

J. L. W., Age 25, Weight 56 Kg. 


1 

cc. 

CfTn. 

1 

1 

pm. 

pm. 


pm. 


805 

0.2611 

Wsm 

30,3 

0.1645 

6.00 , 

0.4256 

« 3 

770 

0,2581 


123.9 

0.6472 

5.90 

0.9053 

« 4 

760 

0.2533 

5.40 

207,5 ; 

1,1877 , 

5.50 

1.4410 

« 5 

695 

0.2096 

4.84 

197.1 

1.0053 

5.40 

1.2149 

6 

700 

0.2165 

5.50 

92.8 1 

0.4895 i 

5.50 

0.7060 

Average. . . ' 

746 


5.40 

130.3 

0.6988 

5,66 

0.9385 

IV. Normal Man, 

C. F. N., Age 34, 

Weight 61 Kg. 


Feb. 14 

1,085 

0.4282 

5.70 

134.1 


6.00 

’ 1.0830 

15 

860 

0.2931 

6.00 

154.0 

0.7994 

5.70 

1.0925 

« 16 

1,560 

0.6499 

5.70 

39.1 

0.1893 

5.70 

0.8392 

« 17 

1,270 

0.4118 

7.48 

149.2 

0.7507 

7.38 

1.1625 

“ 18 

1,165 

0.4368 

7.38 

100.4 

0.4669 

5.70 

0.9037 

Average. . . 

1,188 

0.4419 

1 6.43 

115.3 


6.09 

1.0161 


V. Normal Man, C. F. N., Age 34, Weight 61 Kg. 

3,000 Cc. of Distilled Water Ingested Daily in Addition to That Taken with 

Meals. 


Mar. 13 

2,050 

0.3203 

6.50 

145.5 

0.7694 

6.00 

“ 14 

2,085 

0.3096 

6.50 

44.0 

0.2215 

5,70 

« 15 

2,700 

0.3970 

6.23 

92.0 

0.4519 


16 

2,400 

0.3529 

7.14 

40.4 

0.1879 


« 17 

2,635 

0.4250 

6.80 

93.4 

0.4386 


Average.. . 

2,374 

0.3609 

6,63 

83.1 




VI. Normal Man, L. E. S., Age 70, Weight B8.B Kg. 


Feb. 21 

970 

0 3306 


129.0 

1 |l 

6.70 

« 22 

1,020 

910 

0.3399 


50.4 


6.90 

« 23 

0.2919 

5.30 

23.8 

VnEV 1 

6.70 

« 24 

935 

0.2921 

5.70 

105.1 


6.70 

« 25 

800 

0,2474 

4.90 

65.8 

0.3331 

6.30 

Average... 

927 

0.3006 

5.70 

74.8 

0.3750 

6166 


VII. Normal Boy, H. H., Age 13, Weight 39 Kg. 


1.0897 

0.5311 

0.8489 

0.5408 

0.8636 

0.7748 


0.9907 

0.5758 

0.4028 

0.8271 

0.5805 

0.6756 


Feb. 26 

480 


4.90 

96.4 



0.5314 

n 

« 27 

450 

0.1364 

4.90 

1.1 

0.0290 

o.ou 


« 28 

670 

Infill 

4.70 

38.6 

0.2090 

5.70 

0 8234 

« 29 

675 

■iKIkSI 

4.75 

133.7 

0.7251 

5.50 

0 1718 

Mar. 1 

Average... 

440 

543 

0.1199 

0.1253 

5.30 

4.91 

7.4 

55.4 

0.0519 

0.2947 

5.1" 

5.38 

tH 
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BISCTJSSION. 

It will be seen from the results in the preceding table that the 
average daily output of calcium in urine and feces varied, in 
the cases studied, from 0.420 to 1.016 gm. (CaO 0.588 to 1.42 
gm.). These results are higher than those reported by most 
European investigators, although they fall well within the limits 
of the amounts obtained by investigators in this country. Since 
the individuals examined were apparently in the best of health, 
of ages from 13 to 70 years, and furthermore, since they were all 
on absolutely unrestricted diets, guided solely by appetite, the 
results obtained should, we feel, represent normal values in cal- 
cium excretion. In the two instances where data were obtained 
from the same individual at different periods (J. L. W., Nov. 
15 and Mar. 2, and C. F. N., Feb. 14, and Mar. 13) the difference 
in the average daily output was 0.15 and 0.24 gm. of calcium 
(0.21 to 0.34 gm. of CaO), respectively. From subsequent data 
from the same individuals covering four additional 5 day periods 
during an interval of more than 6 months, these differences re- 
mained practically within the same limits. The daily combined 
urinary and fecal excretion of calcium, on unrestricted diets, 
may thus be said to vary roughly from 15 to 25 per cent. 

Theoretically, at least, the relative acidity or alkalinity of 
the urine should to some extent determine the amount of lime 
that would leave the body through this channel. We know of 
no other determination of normal calcium outputs where this 
value has been determined, and since the data presented in this 
paper are hardly suffiicient to draw safe conclusions of a positive 
or negative nature along these lines, we merely record the H ion 
concentration values for future reference. 

SUMMARY. 

The average daily urinary and fecal output of calcium calcu- 
lated as oxide over periods of 5 days for five apparently normal 
individuals, ranging from 13 to 70 years, shows extreme daily 
variations as follows: 
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Ca and Mg in Normal Urine 


In the remaining eight cases the magnesium predominated. It 
seems, therefore, that either calcium or magnesium may be ex- 
creted in the larger amount in the healthy individual, and that 


TABLE I. 


Day. 

Volume. 

CaO 

MgO 

L .IF. E, B. 


«. 

gm. 

gm* 

1 


0.1266 

0.2950 

2 


0.2315 

0.3706 

3 

1,100 

0.1452 

0.2215 

4 

985 


0.4160 

5 


0.1645 

0.2620 

Average 

1,297 

0.1636 

0.3130 

IL E. B. Sj^OO Cc. of Distilled Water Ingested Daily. 

1 

2,600 

0.1839 

0.2268 

2 

2,300 

0.1247 

0.1895 

3 

2,360 

0.1298 

0.2015 

4 

2,280 

0.1368 

0.1900 

Average 

2,385 

0.1438 



in. C. F. N. 


1 

1,520 

.1413 

0.2350 

2 

1,450 

0.1961 

0.2210 

3 

1,320 

0.2257 

0.2160 

4 

1,170 

0.1544 

0.1480 

5 

1,190 

0.1250 

0.1947 

Average 

1,330 

0.1685 

0.2029 


IV. H. S. 0. 



1 

1,530 

0.1208 

0.1544 

2 

1,290 

0.1573 

0.2190 

3 

1,310 

0.1375 

0.1650 

4 

1,330 

0.2196 

0.2240 

5 

1,320 

0.0990 

0.1938 

Average 

1,356 

0.1468 

0.1912 


the preponderance of one element is as indicative of nojma 
havior as the other. Furthermore, our results seem ^ 

that any given individual exhibits a constant behavior 
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whether calcium or magnesium shall be greater in amount in the 
urine voided. In the case of the three individuals examined over 
the 5 day periods, we found in nineteen determinations only two 
in which the daily output of calcium exceeded that of magnesium. 
We have subsequently measured the urinary calcium and mag- 
nesium output of two of the same thi’ee individuals in connection 

TABLE ir. 


Dail^ Urinary Out-put of Twenty-Two Apparently Normal University 

Students, 


Volume. 

CaO 

MgO 

cc 

gm . 

gm . 

2,500 

0.4875 

0.3029 

1,540 

0,4658 

0.1998 

685 

0.3905 

0.2630 

1,420 

0.3727 

0.2431 

963 

0.3403 

0.2235 

1,030 

0.3347 

0.2340 

680 

0.3097 

0.1180 

610 

0,2822 

0.1400 

650 

0.2707 

0.2340 

880 

0.2662 

0.1353 

1,920 

0.2582 

0.1625 

1,980 

0.1989 

0.1795 

1,050 

0.1916 

0.1540 

640 i 

0.1891 

0.1705 

1,570 

0.1734 

0.1582 

7 0 1 

0.1366 

0.1252 

1,620 1 

0.1255 

0.1200 


0.2123 

0.2800 


0.2310 

0.2472 


0.1915 

0.2260 

785 

0.1790 

0.2115 


0.1260 

0.1353 


with other experiments over two 5 day periods and three 3 day 
penods, and we have found again in nineteen determinations only 
two in which calcium predominated. The interval between the 
first and last of these experiments was fully 4 months, a period 
which seems long enough to eliminate effectually the possibility 
of the constant preponderance of the magnesium being due to a 
sameness of diet. 







242 Carbohydrates in Hydrolysis of Casein 


Maillard,® Gortner, Gortner and Blish,® and Roxas,^ confirmed the view 
that nitrogen-containing humin will be formed when certain amino-acids 
and carbohydrates are heated together in contact with acids, or even, as 
Maillard showed, in water solutions at temperatures of 100-150®. 

Gortner and Blish in their early work contended that tryptophane 
alone among the amino-acids was responsible for humin formation. Their 
conclusions were as follows: The humin nitrogen belongs to no amino- 
acids other than tryptophane. The reaction involved is probably due to 
the condensation of the aldehyde with the — NH group of the tryptophane 
nucleus. Histidine can be eliminated as a factor in the formation of 
humin nitrogen. 

Gortner has since modified some of these views. Recently Roxas,^ 
working in this laboratory on humin formation with definite carbohydrates 
and amino-acids, reached the following conclusions: 

Alanine, leucine, phenylalanine, and glutaminic acid may be elimi- 
nated as important factors in humin formation when subjected to the 
treatment used in these experiments. Proline, however, under certain 
conditions, may be involved in humin formation. 

'*2. The following amino-acids are responsible for humin formation 
and in digestions with 20 per cent HCI plus sugar, the proportion of their 
nitrogen disappearing was: Tyrosine, 15.0; cystine, 3.1; arginine, 2.33; 
lysine, 2.62; histidine, 1.84; and tr 3 ^tophane 71.0. 

“3. Xylose and fructose were, as a rule, more reactive than glucose. 

'^4. Arginine, histidine, and lysine reacted with sugars more readily 
in weak acids or aqueous, than in strong acid solutions. 

^*5. Arginine, histidine, and tryptophane reacted with loss in reactivity 
of their amino nitrogen towards nitrous acid, but tyrosine and cystine 
reacted without any such loss.” 

Roxas has, therefore, specifically demonstrated that the hexone bases, 
as well as tryptophane and t 3 Tosine, are to be considered as taking p^r 
in humin formation. The amount of humin formation will depend upon 
the nature and quantity of the carbohydrate present in the hydroly^iDE 
solution. 


Roxas worked on individual amino-acids in the presence o 
different carbohydrates. However, hie experiments with pro 
and cystine showed that the reaction may be quite different w en 
a mixture of amino-acids is present. Proline, although forming 
no humin nitrogen when boiled alone with glucose in a 20 
cent HCI solution, produced a decided increase in humin 
tion when the reaction was carried on in the presence of cys m > 


* Maillard, L.-C., Compt. rend, Acad,j 1912, cliv, 66; Compt rend* 

bioL, 1912, Ixxii, 511. ^ ^ . p A 

® Gortner, R. A., /. BioL Chem., 1916, xxvi, 177. Gortner, it. 

BUflh, M. J., Am, Chem. Soc,, 1915, xxxvii, 1630- 
^ Roxas, IM. Ii», . Biol, 1916, xxvii, 71. 
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over what cystine alone would produce. It was, therefore, of im- 
portance to investigate the effect of a mixture of amino-acids, 
formed by the hydrolysis of a protein in the presence of various 
carbohydrates, on humin formation and the accuracy of the Van 
Slyke method. Casein, because of the extended study given it by 
Van Slyke with the nitrous acid method, was used for this work.® 
It was hydrolyzed alone and separately with dextrose, sucrose, 
starch, and xylan. 6 gm. of casein were used, and five times this 
amount as carbohydrate in all cases with the exception of xylan, 
where only two and a half times the casein was used. The hydrol- 
ysis was carried on for 48 hours in 20 per cent HCl and the Van 
Slyke method for protein analysis was carefully followed. 

The primary purpose of this research was to determine whether 
carbohydrates would seriously influence the accuracy of Van 
Slyke’s method of amino-acid determination and whether its ap- 
plication to feedingstuffs directly, as Grindley proposes, could be 
iustified by the results. The records oi the analyses are given 
in Tables I to VI. 


TABLE I. 

Comparative Analyses of S.4 Gm, of Casein Alone. 



Nitrogen. 

Per cent of total. 

Van 

Slyke 

found. 


I. 

ir. 

I, 

U. 

Aver- 

age. 

Total 

Ammonia 

gm. 

0.326 

0.03479 

gm, 

0.326 

0.032949 

10.64 

10.10 

10.37 

10.27 

Humin 

0.00504 

0.00462 

1.54 

1.41 

1.47 

1.28 

N in filtrate from bases. 
Total 

0,219528 

0.21840 

67.34 

67.00 

67.17 

62.94 

Amino 

0.192958 

0.194043 

69.12 

69.52 

59.32 

55.81 

Non-amino 

0.026570 

0.024357 

8.22 

7.48 

7.85 

7.13 

N of bases. 

Total 

0.075264 

0.078064 

' 23.08 

23.94 

' 23.51 

* 24.07 

Amino 

0,047100 

0.044800 

1 14.44 

13.74 

' 14.09 

14,60 

Non-amino I 

0.028164 

0.033264 

8.64 

10.20 

9.42 

9.47 

Arginine 

0.026208 

0.025648 

8.03 

7.86 

7.95 

7.41 

Cystine 

0.00064 

0.00064 j 

0.19 

0.19 

0,19 

0.20 

Histidine 

0.017762 

0.021042 

5.44 

6.45 

5.95 

5.76 

Lysine 

0.030654 

0.030728 

9.40 

9.42; 

9.41 

10.70 

Total recovered 

0.33462 

0.33973 

102.60 

102.43 

102.52 

98.56 


®Van Slyke, J, Biol. Chem., 191^-14, xvi, 531. 



244 Carbohydrates in Hydrolysis of Casein 


TABLE II. , 

Hydrolysis of Gm, of Casein + 18 Gm, of Dextrose, 



Nitrogen. 

Per cent of total. 


I. 

II. 

I. 

II. 

Average. 

Total 

Ammonia 

gm. 

0.3252 

0.033586 

am. 

0.3250 

0.032060 

10.32 

9.83 

10.09 

Humin 

0.012320 

0.012180 

3.78 

3.74 

3.76 

N in filtrate from bases. 
Total 

0.21840 

0.21560 

67.15 

66.33 

66.74 

Amino 

0.19060 

0.18555 

58.61 

57.09 

57.85 

Non-amino 

0.02780 

0.03005 

i 8.54 

9.24 

8.89 

N of bases. 

Total 

0.07056 

0.07336 

21.69 

22.56 

22.13 

Amino 

0.03696 

0.03826 

11.36 

11.45 

11.40 

Non-amino 

0.03360 

0.03510 

10,. 33 

11.11 

10.75 

Arginine 

0.024696 

0.024696 

7.59 

7.59 

7.59 

Cystine 

0.00064 

0.00064 

0.1^ 

0.19 

0.19 

Histidine 

0.022623 

0.02487 

6.95 

7.67 

7.31 

Lysine 

0.022600 

0.023153 

1 

6.90 

7.12 

7.01 

Total recovered 



102.94 

102.49 

102.71 


TABLE III. 

Hydrolysis of 8,4 of Casein + 18 Gm, of Sucrose. 



Nitrogen. 

Per cent of total. 


I. 

It. 

I. 

IL 

Average* 

Total 


gm. 

0.3286 



8.54 

9.15 

Ammonia 


0.02961 

8.07 

9.01 

Humin 


0.03129 

8.78 

9.52 

N in filtrate from bases. 
Total 


0.21336 

64.41 

64.93 

64.67 

55.38 

9.28 

Amino 

0,183516 


55.81 

54.96 

Non-amino 


0.03274 

8.60 

9.97 

N of bases. 

Total 


0.06927 

20.97 

21.08 

21.03 

10.56 

10.46 

6.77 

0.19 

7.65 

6.38 

Amino 


0.034739 

11.08 

10.05 

Non-amino 


0.034531 

9.89 

11.03 

Artrininfi 


0.022288 

6.77 

6.77 

O. vfif.i n p 


0.00064 

0.19 

0.19 



TTio+idine 


0.026720 

7.18 

8.13 

5.96 

Lysine * 


0.019622 

6.80 

Totid recovered 

0.33832 

0.34348 

102.23 

104.52 

103.38 
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TABLE rv. 

Hydrolysis of B.4 Otn. of Casein + IB Gm. of Starch, 



Nitrogen. 

Per cent of total. 


r. 

II. 

I. 

II. 

Average. 

Total 

Ammonia 

gm. 

0.3320 
; 0.031528 

gm. 

0.3320 

0.02961 

9.49 

8.91 

9.20 

Humin 

i 0.02471 

! 0.02485 

7.44 

7.48 

1 7.46 

N in filtrate from bases. 
Total 

0.213584 

0.215704 

i 64.33 

64.97 

64.65 

Amino 

0.168640 

0.169330 

50.78 

51.00 

50.89 

Non-amino 

0.044940 

0.046374 

13.55 

13.97 

13.76 

N of bases. 

Total 

0.06608 

0.065408 

! 19.90 

19.69 

19.60 

Amino 

0.03456 

0.033538 

10.40 

10.10 

10.25 

Non-amino 

0.03152 

0.03187 

9.50 

9.59 

9.55 

Arginine 

0.02184 

0.02296 

6.57 

6.91 

6.74 

Cystine 

i 0.00064 

: 0,00064 

0,19 

0.19 

0.19 

Histidine 

0.02271 

0.02583 

6.81 

7.78 

7.30 

Lysine 

0.02089 

0.015978 

6,28 

4.81 : 

5.54 

Total recovered 


0.33524 

101-16 

101.05 

101.10 


TABLE V. 

Hydrolysis of 2.4 -Gm. of Casein -f 6 Gm. of Xylan. 



Nitrogen. 

Per cent of total. 


I 

II. 

I. 

TI. 

Average^ 

Total 

Ammonia 

gm. 

0.3320 

0.03451 

gm. 

\ 0.3320 
' 0.03451 

10.40 

10.40 

10.40 

Humin 

0.04100 

0.03752 

12.35 

11.35 

11.83 

N in filtrate from bases. 
Total 

i 0.192752 

0.197120 

58.05 

i 59.37 

58.71 

Amino 

0.182155 

0.183020 

54.85 

' 55,12 

54.98 

Non-amino 

0.010637 

0,01410 

3.20 

' 4.25 

3.73 

N of bases. 

Total 

0.06479 

0.066152 

19.51 

19.91 

19.71 

Amino 

0.039206 

0.039536 

11.80 

11.30 

11.55 

Non-amino 

0:025584 

0.026616 

i 7.71 

8.61 

8.16 

Arginine 

0.018928 

0.018032 

5.70 

5.43 

5.56 

Cystine 

0.00064 

0.000^ 

0.19 

0.19 

0.19 

Histidine 

0.017082 

0.019638 

5.14 

5.91 

5.52 

Lysine 

0.028140 

0.027842 

8.53 

8.57 

8.55 






100.66 
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TABLE VI. 


Swninanj of Data^ Nitrogen Exprcfiscd as Per Cent of Total. 



Casein. 

Van 

Slyke. 

Authors. 

Dextrose. 

Sucrose. 

+ 

Starch. 

4* 

Xylan. 

Ammonia 

10.27 

10.37 


8.54 

9.20 

10.40 

Humin 

1.2S 

1.47 

3.76 

9.15 

7. 46 

11,83 

N in filtrate from 







bases. 







Total 

C2.94 

67.17 

66.74 

64.67 

64.65 

5S.71 

Amino 

55.81 

59.32 

57. S5 

55.38 

50.89 

54.98 

Non-amino 

7.13 ! 

7.85 

8.89 

9.28 

13.76 

3.73 

N of bases. 







Total 

24.07 

23.51 

22.13 

21.03 

19.60 

19.71 

Amino 

1 14.60 

1 14.09 

: 11.40 

10.56 

10.25 

11.55 

Non-amino 

9.47 

9.42 

10.75 

10.46 

9.55 

8.16 

Arginine 

7.41 

7.95 

7.59 

6.77 

6,74 

5.56 

Cvstine 

0.20 

0.19 

0.19 

0.19 

0.19 

0.19 

Histidine 

5.76 

5.95 

7.31 

7.65 

7.30 

5.52 

Lysine 

10.70 

9.41 

7. or 

6.38 

5.54 

8.55 

Total recovered. . . . 

9S.56 

102.52 



101.10 

100.66 


DISCUSSION. 

Compared with pure casein the ammonia nitrogen was prac- 
tically the same in the case of dextrose or xylan plus casein, but 
there was an appreciable loss in the case of sucrose and starch, 
it being probably converted into humin nitrogen. It will be noted 
that there was a striking difference in the production of humin 
nitrogen. In the case of casein and dextrose the humin nitrogen 
was about two and one-half times that obtained with casein alone, 
while with casein and sucrose it was more than six times as great 
This can be explained by the fact that sucrose is h3’'droIyzod into 
dextrose and levulose, and that the latter, according to the worK 
of Roxas, is more reactive in humin formation than is glucose. ^ 
the case of the starch hydrolysis the humin nitrogen is less t an 
in the case of the sucrose hydrolysis. This probably rests upon 
the fact that the main product of hydrolysis of starch 
The case of casein and xylan was most interesting. ^ 
as much carbohydrate present the amount of humin ni ro 
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formed was the largest, being about eight times the amount 
formed when casein was treated alone. This fact also agrees 
with the work of Roxas, who showed that there was a greater 
reactivity of the pentose sugar, xylose, toward humin formation in 
the presence of amino-acids than shown by the hexose sugar, 
glucose. 

The loss in all cases in the hexone bases and particularly in the 
amino fraction of the bases was very evident. Arginine was low 
in all the hydrolyses and varied considerably. About 12 per cent 
was lost in the hydrolysis of casein and starch and about 30 per 
cent in the case of casein and xylan. Histidine, however, was 
high in all cases with the exception of the xylan hydrolysis, where 
it was low. This dan be explained as follows: Histidine is calcu- 
lated from the definite relation between the total and amino 
nitrogen. The non-amino nitrogen comes from three-fourths of 
the arginine nitrogen and two-thirds of the histidine nitrogen. If 
D represents the non-amino nitrogen, which is obtained from the 
difference between the total and the amino nitrogen, H the his- 
tidine nitrogen, and A the arginine nitrogen, we have, 

D - (I A + I H) or I H - (D - f A) or H - (D - f A) 5. 

It is apparent that any factor which will tend to increase D or 
diminish A will increase H. It can be seen in the table of results 
that there was a loss of amino nitrogen and therefore an increase 
of non-amino nitrogen in all cases with the exception of the xylan 
hydrolysis. However, the histidine nitrogen in the xylan hydrol- 
ysiSj while only 0.43 per cent less than in the case of the casein 
hydrolysis, was considerably less than in the hydrolysis in the 
presence of the other carbohydrates. This is explained by the fact 
that the loss of amino nitrogen has not been correspondingly 
great. However, the loss of total nitrogen of the bases was con- 
siderably greater than in the case of dextrose and sucrose and 
almost the same as in the case of starch. The loss was, therefore, 
apparently in the non-amino nitrogen and that would make his- 
tidine low. 

Lysine is obtained by the diflference between the total nitrogen 
of the bases and the sum of the arginine, cj’^stine, and histidine. 
If the sum of arginine and histidine is high, lysine wdU be low. 
If histidine is low, lysine will be high. In the presence of starch 
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there was approximately a 60 per cent error in the lysine determina- 
tion. 

It miglit be stated in this connection that Buckner, NoUan, and 
Kastle® have recently published some work on the relation to 
growth of the lysine content of different feeding mixtures, apply- 
ing the Van Slyke method directly, and from such analyses have 
drawn some remarkable conclusions. It may be inferred from 
what is here presented that sweeping conclusions on nutritive ef- 
ficiency, based on the lysine content of feedingstuffs determined 
by direct hydrolysis, cannot be accepted. 

Cystine represented such a small fraction of the total nitrogen, 
only 0.20 per cent, that it was thought safer to use in the calcu- 
lations the amount found by Van Slyke in casein hydrolysis rather 
than the value obtained by direct determination. In our hydrol- 
ysis the amount foimd was too small to make the results trust- 
worthy. 

There was practically no loss of total monoamino nitrogen 
in the hydrolysis of casein in the presence of dextrose, but about 
3 per cent loss in the presence of sucrose or starch. However, 
the most striking loss occurred in the presence of xylan. There 
about 13 per cent of the total monoamino nitrogen disappeared. 

Another interesting fact in connection with this work was the 
difference in the non-amino nitrogen of the filtrate from c 
bases. In the starch-casein hydrolysis it was 13.76 per cent o 
'the total nitrogen and but 3.73 in the xylan-casein hydrolysis, t e 
difference being greater than the difference in the total nitrogen 
*of the filtrates. The explanation is probably as follows: The ^ 
trate from the bases in the case of starch was very dark ^ 
color, but in the case of xylan it was light yellow. It is pro ^ 
that in the presence of starch, humins were formed, whic wen 
soluble in 10 per cent calcium oxide, the base used to 
them. In that case we should have more total nitrog^ 
filtrate, but less amino nitrogen, which agrees with t 6 a 
Since the completion of this work Gortner® has obtaine 
results with fibrin, hydrolyzed in the presence of various c 
hydrates. 

• Buckner, G. D., Nollau, E. H., and Kastle, J. 

1916, xxxix, 162; Kenixicky Agric. Exp. Sialiont Bull. 
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StTMMART. 

1. The Van Slyke method of protein analysis, applied to casein, 
hydrolyzed in the presence of various carbohydrates, brings about 
a total redistribution of the amino-acids, vaiying with the nature 
of the carbohydrate employed. The redistribution is especially 
apparent in the hexone bases and a decided loss of monoamino 
nitrogen also occurs where the hydrolysis takes place in the pres- 
ence of xylan. 

2. This work on casein and Gortner’s work on fibrin, hydrolyzed 
in the presence of cellulose, definitely show the inapplicability of 
the method of direct hydrolysis for the estimation of amino-acids 
in feedingstiiffs by Van Slyke’s method. The results so secured 
will be inaccurate. 

3. It also appears impossible to establish factors of correction 
for the method, because of the variation in the nature and quan- 
tity of the carbohydrates in feedingstuJffs, Because of this varia- 
tion in the nature of the carbohydrate content it does not seem 
possible even to obtain comparative figures of any great worth. 

4. These results warrant the conclusion that in the present im- 
satisfactory status of the methods for estimating the amino-acids 
in the complex protein-carbohydrate mixture of feedingstujTs, the 
only reliable procedure for obtaining an insight into the nutritive 
worth of the proteins in such a mixture will be the biological one. 




' A METHOD FOR THE MEASUREMENT OF THE UREA- 
EXCRETING FUNCTION OF THE KIDNEYS. 

Bt T. ADDIS AND C. K. WATANABE. 

(From the Medical Laboratory of Stanford University Medical School, San 

Francisco,) 

(Received for publication, October 20, 1916.) 

If it may be assumed that under the same conditions the same 
kidneys wiU act in the same manner, we could take the urine se- 
creted by different individuals as a measure of the degree of differ- 
ence between their kidneys, providing the conditions under which 
they acted were exactly the same. Leaving aside the possibility, 
for which we have as yet no satisfactory evidence, that there are 
true secretory nerves regulating kidney action, it may be said 
that if we could control the amount and the composition of the 
blood supplied to their kidneys, we should probably succeed in 
establishing identical experimental conditions. 

Of course this is not possible. We cannot even regulate the 
concentration of any of the normal constituents of the blood. 
The blood urea concentration, for instance, has been shown to 
vaiy through a wide range in healthy individuals in spite of con- 
stant dietary conditions.^ 

But though we cannot reduce the blood urea concentration to 
constancy, we can determine the level at which it stands through- 
out a short period of time during which urine is collected. We 
then know the concentration of urea in the blood supplying the 
kidneys during this period, and when we have found the amount 
of urea in the urine, we can compare the one with the other and 
say that in 1 hour, for instance, the kidneys have excreted so 
many times more urea than there was present in 100 cc. of the 
blood which passed through them. 

If we could assume, as we certainly cannot, that the rate of 
flow' of blood through the kidneys is constant, this ratio w’^ould 

‘ AdfUs, T., and Watanabe, C. K., Arch, Int. Med.,, in press, 
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then be a measure of the proportion between the urea excreted 
by the kidneys and the total urea brought to them in the blood. 
But the ratio 

Gm. of urea la 1 hr'a. urine 
Gm. of urea in 100 cc. of blood 


makes no such assumption. It is at once apparent that the 
quantity 100 cc. of blood has been arbitrarily chosen. The true 
amount of blood which passes through the kidneys of man in 1 
hour must obviously be much greater though we have no data by 
means of which we can even approximate the average amount or 
calculate its possible variations. 

Just on that account the above mode of expression is advan- 
tageous, since it serves to remind us of at least one essential fac- 
tor, which would have to be measured before any exact expression 
of kidney function became possible. As we shall show later, it 
is not the only one, for variations in the concentration in the 
blood of other substances besides urea may influence the rate of 
urea excretion. 

These unmeasured factors, and possibly others of which we do 
not know, are of sufficient importance to render fallacious Am- 
bard and WeilTs^ attempt to formulate precise laws for the rat® 
of urea secretion on the sole basis of the concentration of urea m 
the blood and urine. ^ They were unfortunately misled by t ® 
results of an insufficient number of observations. Yet one 
eral idea underlying their work, i.e.j that in the estimation o ® 
function of the kidney in excreting any substance, the concen 
tration of that substance in the blood should be taken f ^ 
count, is a sound one, at any rate in relation to the urea-excre id 
function of the kidneys. . i 

The application of this principle in the form of our ra ^ 
not, however, in itself give a good measure of funchom 
only under certain definite conditions that it becomes o 
These conditions involve three requirements: first, 
ratio varies with such controllable conditions as food 
intake, it is necessaiy that these should be be 

since the ratio varies with still other conditions whi® 

2 Ambard, L., and Weill, A., J . 'physiol, et path, g4n^ 

* Addis and Watanabe, J, Biol, Chem^, 1916, xxiv, 
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controlled, it is necessary that means be adopted to render them 
at least relatively less important; and finally, since we wish to 
use the method as a means of detecting anatomical differences in 
the kidneys of different individuals*^ it is necessary that the test 
should be carried out under conditions which accentuate such 
differences as sharply as possible. 

The first of these requirements is easily met. The second and 
third are fulfilled by giving a large quantity of urea before the 
ratio is determined. 

It may be that part of the stabilizing effect of urea ingestion 
on the ratio results from a tendency towards an equalization of 
the rate of flow of blood through the kidneys under the stimulus 
of the sudden and considerable rise in blood urea concentration. 
In any case the measurable factor — ^the blood urea concentration 
— ^is increased, and the effect of other variables will be relatively 
decreased. But it is particularly in connection with the third 
requirement that the administration of urea is essential. The ef- 
fect on function of lesser degrees of anatomical defect may only 
be revealed by subjecting the kidneys to the strain of a maximal 
call on their functional capacity. The importance of strain is 
illustrated in the experiments we present. 

But even rmder the most favorable circumstances, it is evi- 
dent that an absolute identity of experimental conditions is not 
to be attained. All that we can hope for is some degree of uni- 
formity. Even in the same individual xmder these conditions 
there will be a range of variation in the ratio, a range which will 
express the extent of the failure to reproduce the same conditions 
during each repetition of the test. 

Experiments defining the circumstances which influence the 
ratio will be given in a later paper. We show here the effect on 
the ratio of ligature of the ureter of one kidney in rabbits. 

The Ratio before and after the Ligation of One Ureter. 

This type of experimental lesion has been selected because it 
is one in regard to which our present methods of functional diag- 
nosis fail. The functional changes they reveal are slight and en- 
tirely incommensurate with an anatomical alteration which in- 
volves the removal or destruction of half the renal tissue of* the 
body. Thus it has been shown that when one kidney is removed. 
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there is no decrease in the amount or concentration of nitrogen 
or of urea in the urine, though there may be a moderate and 
temporar}’' increase in the non-protein nitrogen of the blood.^ 
Again, Ro^vntree and Geraghty® found when they tied the vessels 
of one kidney during a period when phenolsulfonephthalein was 
being excreted, that there was only a slight and not invariable 
decrease in the rate of excretion. Apparently the remaining kid- 
ney is able’ almost at once to carry on the work which was formerly 
done by both. 

Our experiments were done on rabbits whose right ureters were 
tied after a segment had been excised. The ureter was reached 
through a lumbar incision without opening the peritoneum.® 


The food throughout the whole period of observation, both before and 
after the operation, consisted of crushed oats. A weighed quantity, more 
than they needed, was given daily to each rabbit in a special receptacle de- 
signed to prevent the scattering of the food, and at the end of the 24 hour 
period the amount eaten was estimated by difference. Only 25 cc. of water 
were given at the commencement of each day. Since this was a smaller 
amount than they needed, all of it was drunk immediately after it was 
given. 

For the first 7 days 24 hour urine collections were maaV>. The amounis 
were completed by catheterization each day. On account of the low 
water intake, the quantities of urine were small audit was commonly foun 
that no urine was passed in the cages, so that the whole 34 houramountwas 
obtained on catheterization. The frequently unavoidable loss inciden a 
to the collection of urine in cages was thus avoided. 

On the 8th day urine was collected by catheter over a period of 2 our 
commencing about 1 J hours after the daily 25 cc. of water had been a 
A little more than 5 cc. of blood was taken from the ear vein at the mi 
of this period. - 

On the 9th day immediately after the water had been taken, 20 c®*® 
per cent solution of urea in 0.9 per cent NaCl were 
ally, and li hours later the collection of a 2 hour urine specimen wa 
raenced and blood taken as before. ^ , fg^osed 

An interval of 10 days^ freedom from observation was then m ^ 
before the operation was performed. During this time a 'mf/ar fe 
food, crushed oats, and unlimited water was given. 
the diet taken by these animals before the experiment proper w 


< Karsner, H. T., Bunker, H. A., Jr., and Grabfield, G. P., 

,915, xxii, 544. , -Qtn jV 2S4. 

5 Bowntree, L. G., and Geraghty, J. T., Arch, Int, Me 
® Dr. Cowan kindly did this operation for us. 
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On the 20th day the right ureters ^ere tied. 

On the 21st day 24 hour collections of urine were made on the same diet 
as before operation. This was continued for 5 days. 

On the 26th day a 2 hour specimen of urine and blood was collected, as 
had been done on the 8th day and again on the 27th day after the injection 
of the same amount of urea as had been given on the 9th day* 

When the experiment was ended, the animals were killed. There was 
no trace of renal tissue on the right side. The capsule of the kidney was 
full of an amorphous cheesy material. Except for some thickening of the 
capsule, there was no indication of any inflammatory reaction in the sur- 
rounding tissues. There was no peritonitis. The remaining organs were 
normal. Dr. Jean Oliver examined the left kidneys microscopically and 
reported that there was no noteworthy departure from the normal. 

The average data in regard to the 24 hour collections of urine 
for the 7 and 5 day periods before and after operation are given in 
Table I. 


TABLE 1. 


The Average Rr. Urine and the Blood Urea Concentration before and 
after Ligature of the Right Ureter, 



1 Rabbit 1. 

Rabbit 2. | 

1 Rabbit 3. 

1 

& 

8sSg 

1 

d 

o 

Ih 


. B 

rt 

Q) 

D 

ill® 

Before ligature 1 

cc. 

28 

52 

1 

ffm. 

1.12i 

2.38| 


; cc. 

45 

1 64 

1 i 

gm. 

1.16 

1.85; 

0.099 

0.143 

cc. 

41 

47 

gm. 

1.47 

1.82 

0.046 

0.056 

Mter igature 1 



The 24 hour amounts of urea excreted are increased after opera- 
tion ii^ all three rabbits. The increase is most marked in Rabbit 
1, less in Rabbit 2, and least in Rabbit 3. Both the increase in 
urea and the variation in the degree of increase are the opposite 
of what one might have expected from the quantity of oats taken. 
For all three took less food after operation; Rabbit 1 ate only 5 
per cent of its previous average daily amount, Rabbit 2, 10 per 
cent, and Rabbit 3, 67 per cent. There must therefore have 
been an increase in the rate of protein catabolism which was 
most marked in Rabbit 1, less in Rabbit 2, and least in Rabbit 3. 
It will be noted that the degree of increase in the blood urea con- 
centration closely parallels the degree of this increase in protein 















266 


Urea Excretion 


catabolism. This rise in the blood urea concentration after opera- 
tion cannot be accepted as indicating a defective elimination of 
urea by the kidney, since we have found a similar parallelism 
between an acceleration of the rate of protein catabolism and a 
rise in the level of blood urea concentration in healthy individuals 
under physiological conditions.^ 

Table I shows that the kidney remaining after operation is 
able to excrete a larger amount of urea than was excreted by both 
kidne3>^ together before the operation. It is also interesting to 
note that the concentration of urea in the urine is even higher 
after operation than before. 

The ratios obtained before and after operation when no urea 
was given are shown in Table II. 


TABLE n. 

T/ic Ratio between the Urea in 1 Hr^*$ Urine and the Urea in 100 Cc. of 
Blood before and after Ligattire of the Right Ureter, No Urea Given. 




Rabbit 1. 

1 

Rabbit 2. 

Babbit 3. 



Urea 
in 1 
hr.’B 
\iHdo. 

Urea 
in m 
cc. of 
blood. 

Ratio. ! 

Urea 
in 1 
hr. *8 
iirine. 

Urea 
in 100 
CO. of 
blood. 

1 

Ratio. 

Urea 
in 1 
hr. *8 
urine. 

Urea 
in 100 
cc. of 
blood. 

Ratio. 

Before 

liga- 

pm. 

pm. 


ffm. 

pm. 


pm. 

i 

pm. 

0.38 

0.81 

ture. . 
After 

Uga- 

0.0207 

0.0432 

0.46 

0.0456 

0.0990 

0.46 

0.0175 

fl.0456 

ture. 

0.0425 

0.0816 

0.62 

0.0819 

0.1428 

1 0.57 

j 

0.0455 

0.0558 


The ratios increase after operation. 

As far then as the ratio may be taken as an index of func lo 
when no urea is ^ven, it would appear that the single 
kidney functionated more efficiently than both kidneys toge 
before the operation, at least during the period and under t e c 
ditions present, when the observation was made. 

The ratios before and after operation obtained ^ 

tion of a 10 per cent urea solution are ^ven in Table 

The ratios decrease after operation. ^ onsider- 

Before the operation the urea injection had led o a c ^ 
able rise in the blood urea concentration, but there 
greater increase in the amount of urea excrete j "Wi 
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TABLE in. 

The Ratio between the Urea in 1 HrJs Urine and the Urea in 100 Cc, of Blood 
before and after lAgature of the Right Ureter, Urea Given, 




Ilabbit 1. 

Rabbit 2. 

1 Rabbit 3. 



1 Urea 
in 1 
hr.*8 

1 nrine. 

1 Urea 
in 100 

1 cc. of 
; blood. 

! 

1 Ratio. 

Urea 
in 1 
hr.’s 
urine. 

Urea 
ib 100 
cc. of 
blood. 

Ratio. 

i 

Urea 
ib 1 
br.’s 
urine. 

Urea 
in 100 
cc. of 
blood. 

Ratio. 




pm. 


om. 


1 

pm. 

pm. 


Before 

liga- 

1 om, 1 




j ffrri. 





ture. 


H 

a 

1.23 

H 

H 

0.81 


H 

1.83 

After 

Uga- 

ture. 


H 

IQ 

0.43 



0.17 

3H 


1.02 



that the ratio was higher than in the experiment without urea. 
But after the operation, the remaining kidney did not respond in 
this way. The amount of tirea excreted was less, and the blood 
urea concentration was higher, with the result that the ratio is 
lower than those given by both kidneys after urea. Under these 
conditions, therefore, the ratios indicate a defect in the urea- 
excreting function of the remaining kidney. 

While we know that the ratio values even after urea injection 
cannot be regarded as mathematically accurate measurements of 
kidney function, we believe that the marked decrease after the 
removal of one kidney roughly represents the actual decrease in 
functional power, in spite of the fact that the opposite result was 
obtained after operation when no urea was given. The diver- 
gence arises from the difference in the conditions under which 
the two experiments were conducted, and both results may be 
substantially correct. Up to a certain point the kidney func- 
tionates more efficiently under the strain of added work, but 
there is a point beyond which it cannot go. In this case the work 
the kidney was called on to perform is represented by the urea in 
the blood. The work it did is represented by the urea in the 
urine. Its functional capacity is represented by the ratio between 
the work done and the work to be done. In the first experi- 
ment, when no, urea was given, the work to be done after the 
operation was moderately increased because of the greater rapid- 
ity of protein catabolism. The added strain was within the 
capacity of the remaining kidney, and it responded by a rise in 
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the ratio. In the second experiment when the work to be done 
was greatl}^ increased by the injection of nrea^ the strain which 
before operation had stimulated both kidnej^s to greater effi- 
ciency, was too much for the remaining kidney; its maximal rate 
of work was less than the rate of increase in the work to be done, 
and there was a consequent decrease in the ratio. 

This experiment illustrates an important principle in the meas- 
urement of kidne}^ function. It sliows that function maj’* be 
entirelj^ normal under ordinary" conditions, and yet may show 
itself defective under strain. So the administration of a large 
quantity of urea before the ratio is determined has not only the 
advantage of tending to equalize the experimental conditions; it 
ma 3 ^ also serve to bring latent deficiencies to fight. 

It is this type of test which prove of value in the early 
diagnosis of disease of the kidne^^s in man. It is interesting m 
this connection to note that the rate of excretion of phenolsulfo- 
nephthalein, wliich is acknowledged to be the best general test of 
kidney function, has showm itself to be of the greatest value in 
reveafing the presence and to some extent the degree of pronounced 
disease of the kidnej’s, but has not proved efficient as a means for 
the discover^^ of the disease in its early stages. The strength o 
this latter tj’pe of test lies in the fact that the test substance is a 
foreign body not subject to any augmentation or decrease after 
injection info the body, and not held in the tissues, so that 
proximately the same proportion will reach the kidne}^ iu 
cases. Its weakness results from the excessively minute amoim 
of the test substance which is injected, in the case of phenolsuii^ 
nephthalein, for instance, only 0.006 gm. This does not 
any strain on the capacity of the kidne 3 "S. And since in the ear 
stages of the progress of those pathological conditions wb 
be grouped under the term “chronic Bright’s disease, t c 
ease is, as a rule, not diffuse, but involves certain areas o 
kidne 3 ^s more than others and commonly leaves parts ^tir } 
affected, it comes about that the sfightl 3 "orwdioU 3 ^ unaffec e - 
tions of the kidney may find no difficulty m excreting rs 
amount of dye in a manner entirely comparable to e 
excretion of normal kidneys. A test of the ^ype ^ diasnosis of 
described would seem to be better adapted for th 
such conditions. 
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SUMMARY. 

Urine and blood were collected simultaneously from rabbits, 
and the ratio 

Gm, of urea in 1 hr's. urine 
Gm. of urea in 100 cc. of blood 

was determined before and after the destruction of one kidney by 
ligation of its ureter, while the animals were taking similar food 
and the same amount of water. 

After the operation there was no decrease in this ratio as com- 
pared with the one found under similar conditions before opera- 
tion, except when urea was injected. 

The depression of the ratio after the operation when urea was 
injected is interpreted as indicating that the remaining kidney 
had less capacity for the excretion of urea than both kidneys be- 
fore operation. 

The fact that a depression of the ratio was found only when 
urea was injected is explained on the theoiy that the capacity of 
the remaining kidney was sufficient to meet ordinary demands, 
but showed itself defective under the strain of the additional 
work thrown on it by the urea injection. 
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INTRODUCTION. 

That an intimate relationship exists between the acid-producing func- 
tion of the stomach and the alkali-producing function of the pancreas 
has long been known. Pawlow and his pupils (1) have demonstrated that 
the amount of alkaline ash present in the pancreatic juice depends upon 
the strength of acid used as an exciting agent. Cohnheim and Klee (2) 
have furnished proof that the amount of pancreatic juice produced by any 
food is proportional to the amount of gastric juice which that food calls 
forth, and Wilbrand (3), in Cohnheim's laboratory, measuring the out- 
flow of pancreatic juice following the administration of sodium bicarbon- 
ate by stomach, found that it is reduced in amount in reverse fashion to 
the effect of acid, Worobjeff (4) found that strong alkali injected intra- 
venously acted in the same way. 

The importance of this regulation through the secretin mechanism for 
events within the alimentary canal is readily understood. New evidence 
of its importance has come to light through the work of Boldyreff (5) and 
his pupils on the self-regulation of the acidity of the stomach contents, 
and through the work of Rehfuss and Hawk (6) on the stimulating action 
of alkali, among other agents, on the gastric glands. 

As far as we can discover, the importance of this regulation of intes- 
tinal alkalinity to stomach acidity for events beyond the alimentary wall, 
has not been sufficiently considered. If, as the work cited above seems 
to prove, it is essential to health that gastric acidity be completely neu- 
tralized, what would be the consequence of preventing such neutralization 
by removal of the pancreas, considering that the pancreas, as Bold3n:eff 
shows, produces more than ten times as much alkali as appears in the bile 
and twenty times as much as in the intestinal juice? The effects on di- 
gestion of removal of the pancreas are sufficiently known (7) and are seri- 
ous enough; for only 44 to 70 per cent of the protein ingested can be pre- 

261 



262 


Pancreatic Diabetes. IV 


pared for absorption by the peptic digestion alone, while about 33 per cent, 
at best, of the fat (8) can be utilized and none of the carbohydrate. So 
far the change represents merely lack of fimction, not derangement. But 
what is the consequence of permitting free hj’dro chloric acid to remain 
unneutralized in the intestine?^ 

Elias (9) produced glycosuria by feeding animals with hydrochloric 
acid, and perfused livers with a fluid to which hydrochloric acid had been 
added, and proved that glycogen rapidly disappeared therefrom. Elias 
and Kolb (10) demonstrated that the hunger diabetes of Hofmeister is due 
to an acidosis and that it could be prevented by injection of alkah'es. 
Going further back, we find that Naunyn in 186S (11) had observed gly- 
cosuria in a dog poisoned with hydrochloric acid, and Kulz (12) had con- 
sidered the subject at some length in 1881. A greatly reduced protection 
against the toxic action of hydrochloric acid by the dog after pancrea- 
tectomy has been demonstrated by Eppinger (13) and has been confirmed 
by Murlin and Kramer (14) in the first paper of this series. The work of 
Schryver (15) makes it probable that the loss of the power to produce 
ammonia from protein following tryptic digestion is, in part, the explana- 


tion of this reduced tolerance. 

There are, however, still further consequences of acid in the circulation. 
Feeding rabbits with foods which yield an acid ash produces, as Under- 
hill (16) has shown, creatine in the urine, a sign of abnormal catabolism m 
the muscles, and acid favors autolytic changes in the tissues (17). ^ 

well known also, it reduces the carbon dioxide tension. It may even in- 


crease the heat production, quite aside from the effects of dyspnea. 

Several of the consequences of acid intoxication are, therefore, coinci- 
dent with (if not identical with) the consequences of pancreatectom), 
ntoely, glycogenolysis and glycosuria, autolysis (18), and increased ea 
production. This coincidence, when it was first realized some 3 
ago, suggested to one of us (19) the possibility that the consequences 
pancreatectomy might be due in large measure to an acid intoxica 
resulting from loss of sufiScient alkali-producing function. 

There are many supporting and contributory facts, some o ^ 
should be mentioned at this point. For example, Minkowski (21 
thority for the statement that only carnivorous animals (inclu g 
nivorous birds) that are known to have a gastric juice of hig 
than that of herbivorous animals get a severe diabetes after pauc 
tomy. It is well known, also, that a meat diet gi^"es the 
toxemia with dogs after the pancreas is removed, and it is 
known that a meat diet stimulates gastric secretion more t ^ 

Meat tends to break down the tolerance of partially depancrea i 

^ According to a personal communication from A. J. Carlson, 
tion of gastric juice is greatly augmented after 

received this impression also from a single case of .. . comparison, 
ing a Pawlow operation on the stomach. A quantitative 

however, was not possible. 
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as we have seen in the previous papers; and aggravates human diabetes,* 
while, as Allen (21) states, a long continued excess of sugar docs not ap- 
pear to predispose to diabetes. Again, the favorable effects of starvation, 
both on human and experimental diabetes, now well known through 
Allen's work, may be explained as due in part at least to a reduction of 
gastric activity. The processes of metabolism beyond the alimentary 
wall are believed to be essentially the same in quality in fasting as in 
alimentation; hence the favorable effect of fasting, aside from the mere 
reduction or exhaustion of the glycogen supply (which is not the source 
of the sugar in severe diabetes), must be due to the abatement of some 
exciting cause originating in the alimentary organs themselves. The 
favorable effects of green vegetables, which for the most part have an alka- 
line ash (22), and of oatmeal, which, while having an acid ash, has, ac- 
cording to Cohnheim and Klee (2), but a feeble secretogenic effect on the 
gastric glands, are in line with the explanation of fasting. The ligation of 
the pancreatic ducts has been reported by Allen’ and by Homans (23) to 
have a favorable effect on the course of the diabetes in the partially de- 
pancreatized dog. While this may be explained in part by the diminished 
digestion of starchy materials (and of meat, for that matter), it may be 
supposed also that alkali, separated from its salt or protein combination 
in the blood by the pancreas, can be poured back into the circulation 
when the ducts are blocked and may be secreted by the intestinal wall or 
carried as such to the liver and in this way insure the protection of that 
organ against the toxic effects of hydrochloric acid. It must be remem- 
bered, however, that Wohlgemuth (24), by ligation of the pancreatic ducts 
in normal dogs, has produced a hyperglycemia and a diminished power 
to oxidize glucose (low respiratory quotient). The same effects may be 
produced by injection of hydrochloric acid. 

The experiments of Macleod and Pearce (25), confirmed by Patterson 
and Starling (26), showing that animals eviscerated after pancreatectomy 
have as great a capacity to remove glucose from the circulation as have 
animals previously normal, may be interpreted as meaning that some 
alimentary organ produces a toxin< which normally is counteracted or 
removed by the pancreas. The fact that such animals after pancreatec- 
tomy and subsequent evisceration cannot oxidize glucose within the short 
time that they survive, as Verzdr (27) has shown, may mean only that 
irreparable injury had already been done before evisceration. 

* See the case of Joseph D. in a forthcoming paper by Gephart, Aub, 
and Du Bois in which it is shown that a man whose urine had been ren- 
dered sugar-free by a reduced diet was suddenly brought to a G: N ratio 
of 3.6 by a large meal of meat. 

’Allen (21), page 1045. 

* The conviction that the stomach contributes in some way to the 
etiology of diabetes mellitus has been expressed by a number of clinical 
writers, among whom may be mentioned Sawyer of Cleveland, Dietrich oi 
Petrograd, and Funck of Berlin. 
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The work presented in the previous papers of this series has 
sufficiently shown, we believe, the iraportsnce of alkali for the 
combustion of glucose. Just how this alkali acts, whether by 
influencing the chemical reaction or by affecting the protoplasmic 
mechanism, is not yet clear, although the importance of an exact 
regulation of the hydrogen ion concentration for the processes of 
glycolysis and oxidation is indicated by the work of Rona and 
Wilenko (28), who have shown that a slight change in hydrogen 
ion concentration greatly modifies the consumption of sugar in the 
rabbit heart, and by Rona and Neukirch (29), who show that 
the utilization of sugar by intestinal loops is much better in 
Tyrode’s solution (C^ = 0.2 X ‘than in Locke's solution 
(Cu — 0.2 X 10“®). If the utilization of glucose by the ex- 
sected heart or gut is sensitive to an absolute change as slight 
as this, does it not appear probable that the exact neutralization 
of hydrochloric acid of the stomach in the living animal is of 
even greater moment for the carbohydrate metabolism of the 
liver and other tissues? 

The anatomical relationships of the portal circulation take on 
new physiological significance with this conception. When acid 
is taken from the blood by the gastric glands the venous blood m 
the gastric veins must be relatively richer in hydroxyl i^^^* 
Accepting the view commonly held that the chlorine ions of hy- 
drochloric acid are derived from sodium chloride in the blood, 
there would then be a relative excess of sodium ions left behind. 
Normally, this disturbance as regards sodium is at once restore 
by the production of the sodium carbonate by the pancreas (Ij; 
for not only is the amount of alkali produced by the pancreas pro- 
portional to the production of acid by the stomach, but, as ap 
pears clearly in the work of Pawlow's pupils, its secretion begins 
as soon as the production of add begins in the stomach The 
from gastric and pancreatic veins, reunited in the poita, ^ 
then a normal reaction before it enters the liver. In some i^n 
stances it would seem that the pancreas does not keep pace 
the stomach, for alkaline urines have been reported early m 
trie digestion. When the pancreas is removed entirely we mi 
expect also that the kidney would remove the excess o i 
ions resulting from secretion of hydrochloric acid mto t e s 
until this acid were again absorbed into the blood. ^ 
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were not the case, however, the liver would not suffer from a 
temporary excess of such ions (combined probably as disodium 
hydrogen phosphate or as sodium carbonate or with protein), for 
the tolerance of protoplasm for free hydroxyl ions is much greater 
than for free hydrogen ions. The trouble would come when the 
hydrochloric acid reached the duodenum. 

The secretin mechanism is proof of the permeability of the 
duodenal wall to this acid, and the mechanism which Boldyreff 
has discovered by which duodenal contents are regularly regurgi- 
tated into the stomach of the dog, whereby the acidity of the 
chyme is kept down to about 0.15 per cent hydrochloric acid, is 
proof of the importance of some protection against higher con- 
centrations in the duodenum. This was proved directly also in 
Boldyreff^s experiments by administration of higher concentra- 
tions. ^'With a stronger acid pathological symptoms at once 
appear. Undiluted stomach contents produce a bloody secre- 
tion usually followed by vomiting. The animal becomes very 
restless.'^^ We shall cite an instance in confirmation of these 
statements.® 

Pawlow^ likewise has noted incidentally that dogs with per- 
manent pancreatic fistulas could be kept in health only by the 
administration of alkali and by excluding meat (because of its 
exciting effect on the gastric glands) from the diet. It would be 
interesting to know whether these dogs would show a diminished 
tolerance for sugar. 

Sufficient evidence has already been cited above and in the 
first paper of this series of the extreme sensitiveness of the liver 
to any excess of acid. As Mathews (30) puts it: ^^In the liver 
every acidosis is at once accompanied by the transformation of 
some glycogen into glucose,’' as a protection against its effect 
upon the processes of oxidation. Our conception is that in the 
depancreatized dog the hydrochloric acid of the gastric juice 
cannot be completely neutralized by the alkaH of the bile and 
intestinal juices; it is therefore absorbed® in sufficient amount 

® Boldyreff (5), page 156. 

« Page 278. 

^ Pawlow (1), page 8. 

* Obviously the HCl would not exist as such in the blood, and it is 
quite possible that the toxic effect is due to some acid-protein combina- 
tion formed either in the alimentary wall after the manner of secretin, 
or formed in the blood itself. 
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by the portal circulation to injure the liver. Glycogen is thus 
liberated, oxidation is interfered with, more acids (acetone bodies) 
are formed, and a vicious circle is thus established. We shall 
show that this accoimts for the rapid onset, at least, of diabetes 
after pancreatectomy. 


EXPEBIMENTAL. 

Several ways of testing this hypothesis suggested themselves. 
By ligation of the pylorus at the time of pancreatectomy the acid 
chyme could be prevented from entering the intestine. Sec- 
ondly, the stomach could be completely removed, preferably 
before the pancreas was removed, or simultaneously with it. 
The consequences of pancreatectomy in either case shoxild be 
quite different from those following simple pancreatectomy. All 
of these methods have now been tried. 

In July, 1913, Kramer and Murlin ligated the pylorus at the 
iime the pancreas was removed in three different dogs. The 
letaUs are given in Experiment 1. When the pancreas is removed 
xom a dog in good nutritive condition sugar appears in the unne 
vithin a yexy few hours. UnderhiQ and Fme (31) found as much 
is 7.3 gm. of glucose in the urine passed 2 hours after pancre- 
itectomy. In the series of dogs depnncreatized in the Cornell 
LiUboratoiy within the past 4 years, unless the animal was subjected 
o some special treatment, sugar has been found'invariably m the 
cage urine of the subsequent night. In many instances taken at 
random through the series it has been foimd in abundance within 
4 hours, though no quantitative estimations have been made as 
early as this. 


Experiment 1* Effect of lAgating Pylorus* 

Dog /. — Brown spaniel, female; weight 15.0 kg.; in good nutritive 
condition. ^ _ 

July 25, 1913. Pancreas removed and stomach ligated off hy p 
tubing tied firmly about the duodenum just above the bile dnct. 
terference with blood vessels outside portion compressed. 
washed out with water made alkaline with sodium carbonate, 
at 5 p-m. 500 cc. of Kinger's solution subcutaneously. oerature 

July 26, 9.30 a.m. Urine by catheter sugar-free, acid; 

39.4®. 500 cc. of Ringer’s solution subcutaneously. 5.30 p.®* 
catheter sugar-free, acid; temperature 39.8®. Immediately a er 
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stomach was washed with a weak solution of sodium carbonate. Dog 
vomited, breaking large blood vessel; died at once. Abdomen found full 
of blood. Duodenum perfectly healthy; ligature competent; no sign of 
peritonitis. 

Dog IL — Boston bull terrier; weight 10 kg.; in good condition. 

July 28. Pancreas removed complete and duodenum ligated with pure 
gum tubing just above bile duct. Completed at 4.30 p.m. Stomach 
washed out with sodium carbonate immediately after operation. Warm 
Ringer^ s solution subcutaneously. 

July 29, 4.30 p.m. Urine from cage negative to Benedict’s solution; 
temperature 38.2°. 500 cc. of Ringer’s solution subcutaneously. Stomach 
not washed. Dog apparently in good condition. 

July 30. Dog found dead. Urine from cage gave very faint reaction 
for glucose. Autopsy revealed general peritonitis, probably originating 
from the fistulous opening made by the rubber tubing, the end of which 
was secured to the under surface of skin. Duodenum entirely smooth; 
reduced to size of lead pencil. 

Dog III, — Mongrel, female; weight 6 kg.; in good nutritive condition. 

July 31. Pancreas removed and duodenum ligated above bile duct, 
leaving rubber tube inside. Completed at 1 p.m. Stomach washed out 
with alkali before operation. 5 p.m. 400 cc. of Ringer’s solution subcu- 
taneously. Temperature 39.4°. 

Aug, 1, 10 a.m. Urine by catheter contains sugar. G:N = 0.88. 
Temperature 39.4°. 1.45 p.m. 600 cc. of Ringer’s solution subcutaneously. 

Aug. 2, 12.30 p.m. Urine by catheter sugar^free; temperature 40.4°. 
1 p.m. 500 cc. of Ringer’s solution subcutaneously. 1.10 p.m. Placed 
in ice box (temperature 11-14°). Out at 2.40 p.m. Urine by catheter 
sugar-free; temperature 39.8°. Superficial wound cleaned, evacuating 
15 to 20 cc. sanguinopurulent fluid. Washed with alcohol and tincture 
of iodine. Returned to ice box, 5.30 p.m. Urine by catheter sugar-free; 
temperature 39.2°. 500 cc. of Ringer’s solution subcutaneously. 

Aug. 3. Dog found dead. 

Autopsy,— 'No pancreatic tissue. Rubber ligature competent, but 
duodenum perforated just above; large localized abscess. 

In these dogs with the pylorus ligated, however, sugar failed 
to appear within the first 24 hours in two out of the three cases, 
and in the third was present in very small amount. Two of 
the three dogs died by accident; i.e., infection was not the pri- 
mary cause, while the third died of a generalized peritonitis. 
We have seen many dogs with peritonitis, however, that ex- 
creted large quantities of sugar. Since in most cases the first 
24 hour urine of a well nourished dog after simple pancreatec- 
tomy exhibits a high G: N ratio — often as high as 6 and usually 
4 or 5 — ^the results shown b}’' these first anirnalR seemed positive 
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enough to follow them up with a series of gastrectomies. Ex* 
eluding the acid ch3une from the intestine at the time of opera* 
tion appeared to prevent or at least greatly retard the onset of 
glycosuria. Complete removal of the stomach previous to pan- 
createctomy should be a still more crucial test. 

Dr. John A. Hartwell became interested in the problem from 
the surgical point of view and successfully removed the stomach 
and pancreas from three dogs. One of these died from infection 
and will be omitted from the report, although the result was 
similar to that obtained with Dog V except that sugar appeared 
in small amount (G; N ratio 1.09) on the morning following the 
operation. 

Both dogs reported in Experiment 2 died accidentally^ one on 
the 3rd day after pancreatectomy by rupture of the abdominal 
wound, the other on the 4th day by rupture of the inverted end 
of the esophagus. The onset of diabetes, therefore, was not 
checked or modified in any way by infection. 

Neither of these dogs developed any .glycosuria on the day 
following pancreatectomy. Both developed it later, but in both 
cases the G: N ratio was very low, so that one could say that the 
dog presented a very mild type of the disease. 


Experiment 2. Gastrectomy before and Simultaneously with Paricreat^cioJ^t/^ 


Dog IV * — White mongrel, male; weight 13 kg. 

Oct. 21, 1913. Dr. Hartwell removed the stomach; gastro-enterosiomi 
between cardia and intestinal wall well below pancreas. Blind end 
duodenum inverted just above bile duct and anchored to pentoneam* 
About 2 inches of gastric mucosa left below cardia. 

Oct. 22-24. Dog fed only fluid foods. 

Oct. 24r-27, Fed small amounts of meat; condition good. ^ 

Oct. 27, a.m. Pancreas removed complete. Everything in goo 
dition except that a small abscess was found about the blidd en o 


uodenum. 

Oct. 2S. Urine sugar-free. w.nrfion for 

Oct. 29. Urine from cage (colored with bile) gave strong 
igar. G:N = 1.11. 12 m. Temperature 39°. 

ive lor sugar. 3 p.m. Cage urine gives strong Fottenkoter ^ 

)og drank 500 cc. of Ringer’s solution, 300 co. of 
snt sodium bicarbonate. found 

Oct. 30. Morning urine from cage. G: N=I.0«- . .‘ gad not 

with -wovoid open; killed. Rupture probably due to vonii 
been able to tolerate food since last operation. 
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Dog V , — ^Brown bull; female; ears cut; weight 14 kg,; in splendid nutri- 
tive condition. 

Nov. 12, 1913, 2-4 p.m. Dr. Hartwell removed the pancreas and 
stomach entire. No anastomosis. Esophagus inverted; duodenum 
inverted. 

Nov. 13, 10 a.m. Urine by catheter negative to Benedict's solution; 
temperature 38°. 400 cc. of sterile Ringer's solution subcutaneously, 
6 p.m. Urine by catheter negative to Benedict's solution; temperature 
38.4°. 500 cc. of sterile Ringer's solution subcutaneously. 

Nov, 14, 10 a.m. Urine by catheter positive to Benedict's solution. 
G:N = 0.38, temperature 38.4°. 500 cc. of Ringer's solution subcu- 
taneously. 

Nov. 15, 4 p.m. Urine by catheter, G: N = 0.94. 750 cc, of Ringer's 
solution subcutaneously. 

Nov. 16, 12 m. Urine by catheter, G:N = 1,04; temperature 38.6°. 
12.30-1 p.m. Infusion of 150 cc. of Ringer's solution. Dog ruptured 
esophagus and swallowed air into peritoneum while on table. Air let out 
by puncture through abdominal incision. Dog died during night. 

Autopsy . — ^No pancreatic tissue. 

Nothing more was done on the problem until Jime 1, 1914, 
when one of us (Murlin) operated on a dog in a different manner. 
Instead of ligating the pylorus, the same result was obtained by 
complete occlusion; the intestine was severed just below the 
pylorus and the two cut ends were inverted. The pancreas was 
removed entire. 


Experiment S, 

Dog VI. — Female; weight 10 kg. 

June 1. The operation was done under morphine and ether and the 
dog was given 2 cc. of 2 per cent morphine after the operation. 

June 2. Urine from the cage gave no reaction for sugar and at 4 p.m. 
urine from the bladder wa's still negative. The dog's temperature, how- 
ever, was only 36°, possibly due to the heavy morphine sleep of the night 
before. 300 cc. of sterile water were given subcutaneously. 

On June 3 the dog was found to be in good condition, the urine from the 
cage showing only a faint trace of sugar. The temperature was 38.8°. 
At 4 p.m. urine from the bladder contained no sugar. During the day the 
dog had vomited some bloody detritus from the stomach and for fear of 
infection the stomach was washed with boric acid at about 4.30 p.m. Up 
to this time the dog had been in good condition, active and strong. After 
the treatment with boric acid it collapsed and died about 6 o'clock. 

Autopsy. No adequate cause of death evident. No pancreatic tissue 
could be seen. 
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These results seemed to warrant a more detailed study. Dr. 
Sweet® successfully operated four dogs which survived without 
any complications and have been studied exhaustively. 

The first of these, Dog VII, was operated on June 5, 1914; 
The entire stomach and a major portion of the pancreas were 
removed at this time. 11 days later the remainder of the pan- 
creas was taken. Meantime the dog had eaten meat every day. 

The urines were taken from the cage every morning for the 
next 17 days and analyzed for nitrogen and glucoseJ® 


TABLE L 

Pog VIL Effect of GaHreciomy on Pancreatic Diabetes Produced 
Subsequently, 


June 5, Stomach removed with major part of pancreas. 
** 16, 11 a.m. Remainder of pancreas removed. 

** 17, 6.30 a.m. No sugar in urine, 

** 17, 6 p.m. No sugar in urine. 


‘ Date. 

Weight. 

Glucose. 

Nitrogen. 

G:N. 

June 18 

kff. 

3 96 

4.35 

0.90 

It 

19 


10.41 

7.97 

6.03 

1.7 

ft 

20 

11.81 

7.5 

0.94 

it 

21 

11.40 

5.04 

5.8 

1.15 

ti 

22 

11.36 

4,59 

4.2 

1.09 

it 

23 

11.00 

5.0 

6.45 

0.77 

it 

24 

10.65 

6.25 

5.34 

1.17 

« 

25.,... 

10.39 

7.9 

5.51 

1.25 

it 

26 

i 10.12 

3.75 

[ 5.34 

o.ro 

it 

27 

9.95 

3.54 

! 3.62 

0.98 

« 

28 

9.80 

3.96 

2.75 

1.44 

ti 

29 

9.76 

3.98 

2.70 

1.47 

it 

30 

9.45 

3.33 

2.73 

1.22 

July 

it 

1 

9.30 

3.^3 

4.20 

2.92 

2.14 

2.44 

2 

9.00 

2.92 


i.ir 


Average 


July 2. Animal killed with chloroform. 

Autopsy* — ^Anastomosis complete; no pancreatic ti ssue. 

» Dr. Sweet took charge of the surgical work from a. 

» The analytical work was done in the laboratory ® ^ j. jheir 

:aylor by Dr. H. B. Lewis. We msh to express our thanks 

[ooperation. 
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After complete pancreatectomy the dog had no sugar in the 
urine for the first 36 hours or more. He then developed the 
same mild type of diabetes seen in Dogs IV and V, and this per- 
sisted without much variation until July 2, the 17th day after 
pancreatectomy, when the dog was killed. 

Another point of particular interest was the absence of the 
severe toxemia which one ordinarity sees after pancreatectomy. 
The dog emaciated, as is usual after the simple operation, but did 
not appear to be sick. He always ate greedily but the food 
(meat) came thiough entirely undigested. So striking was the 
difference between this animal and the victim of simple pan- 
createctomy that his survival for so long a time was a matter of 
remark. The case gave a distinct impression that the chemical 
processes of alimentation in some wa3'' contribute to the severe 
toxemia of pancreatic diabetes. The physical processes, chew- 
ing, swallowing, peristalsis, were all present. The dog probably 
would have lived at least a week or 10 days longer. 

The remaining dogs to be considered have been operated 
within the past year in the Cornell Laboratory by Dr. Sweet. 
In each case, in the first operation a gastrectomy was done as 
completely as possible but the pancreas was not molested. The 
object of this was to gain some knowledge of the utilization of 
food in the absence of gastric digestion and to determine whether 
the state of nutrition might in any way affect the results after 
pancreatectomy, 

Minkowski and others have shown that unless a dog is in good nutri- 
tive condition at the time of pancreatectomy the resulting glycosuria may 
be^ very mild. For this reason every effort was made to maintain proper 
alimentation after gastrectomy. When Dog VIII continued to lose 
weight on what seemed to be a sufficient amount of food for a normal dog 
an imitation of gastric digestion was restored by giving 0.3 per cent hydro- 
chloric acid lactopeptine which contains an active pepsin. With this 
diet she maintained her weight for 8 or 9 days and when the acid and 
digestive powder were discontinued the appetite appeared to fail at once. 
2 days later she refused food. Meat alone was then tried and was taken 
readily. On the 7th and 8th a mixed diet was offered once more and arti- 
ficial digestion was once more resorted to. The dog made a distinct gain 
and apparently could be said to have recovered a satisfactory state of 
nutrition when the pancreas was removed. 



TABLE n. 

Observations after Gastrectomy, Dog 7/7/, Young White Female, Partly 
Bull; Weight 9,6 Kg, Gastrectomy November 11, 1915, 9,80 to 11 a.m. 
Anastomosis Well below the Pancreas, 






(Q 







tc 



Date. 

sB 



Food at each feeding. 

Remarks. 










•c. 

kQ. 




Nov. 

12.... 

38.8 



Drank a little milk. 

No vomiting. 

IC 

13.... 

38.8 

8.35 

2 

100 gm. meat. 

it it 

« 

14. . . . 

38.6 


1 

300 " “ 


(C 

15.... 

38.1 

mu. 

3 

Small amount of meat 







and lard. 


u 

16.... 

38.8 

■ 

2 

100 gm. meat; 

30 “ lard; 
bone ash. 


<c 

17.... 

38.2 


2 

Same. 


it 

18.... 

38.2 

1 

1 

100 gm. meat; 

30 “ cracker meal; 
10 ‘‘ lard; 
bone ash. 


it 

19.... 


7.95 

2 

Same, except 20 gm. 







lard. 


it 

20,... 

37.8 

kIiw 

1 

100 gm. meat; 







20 lard; 

30 “ cracker meal; 
bone ash. 


it 

21... 



2 

Same, 


it 

22.... 


7.85 

2 

« 


a 

23.... 


7.75 

2 

Same food + 0.3 per 







cent HCl + lacto- 
j peptine.* 


a 

^25. 



2 

Same. 


a 

26-28. 


7.80 

2 

it 


it 

29. . . . 


BEiill 

2 

it 


it 

30. . . . 



2 

it 


Dec. 

1.... 


7.80 

2 

Same food but no HCl 







and no lactopeptine. 

Did not eat well. 

« « « 

it 

2.... 



1 

Same. 

ti 

3 


7.70 

1 

it 

Refused food. 

it 

4 


m 



it 

5.... 


7.45 

2 

200 gm. meat. 

All eaten. 

a 

6.... 


7.35 

2 

200 " “ 







50 cane sugar. 

All eaten. 

it 

7.... 



1 

200 gm. meat; 






30 " cracker meal; 

10 lard; 

1 pt. milk; 


(f 

it 

8,... 

9.... 



1 

lactopeptine. 

Same. 

No food. 

Not quite 

Pancreas extup^^^ 


‘ New York Pharmacal Association. 
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The pancreas was foun^ to be normal in every respect except that the 
peritoneum was thickened about the uncinate process. There were no 
troublesome adhesions. The operation was completed in 45 minutes. 
With this dog we began the study of the respiratory metabolism. 

TABLE m. 


Dog VIIL Gastrectomrj November 11. Pancreatectomy December 9, 1916. 






Urine. 

Respiratory 

metabolism. 


Date. 

Time. 


i 

^ u 
e3 » 

'o'3 

ri 

o 

l-a 


u 

o 

O' . 

« M 
0-0 

c 

M 

M 

& 

d 

p? 

Food and remarks. 






EH 

Q 

O 

o 





la 


cm. 

■ 

liUra 

liters 



Dec. 10 

9.10 

7.05 

2.50 

2.16 

1.11 




Given milk by mis- 











take. 

tt 

11 

9.35 

10.17--11.17 

6.90 

0.305 

0.496 

0.65 

2.434 

3.453 

0.73 




11.17-12.17 

12.35 


0.244 

0.40 

0.61 

2.511 

3.331 

0.75 

50 gm. glucose by 











tube, vomited. 
20 gm. glucose 
subcutaneously. 



3.45- 4.46 





3.120 

4.030 

0.77 




5.15- 6.15 





3.039 

4.000 

0.76 




6.15- 7.15 





3.149 

4.316 

0.73 


it 

12 









200 cc- milk. 

(t 

13 

3.42- 4.42 

6.05 




2.817 

3.921 

0.72 

No food. 



4.42- 5.42 





3.596 

4.948 

0.73 


it 

14 

11.15 

6.05 

0.0 







it 

15 

4.35 

4.58- 5.58 

6.05 

0.0 



2.413 

3.408 

0.71 




5.58- 6.58 
7.35 


0.0 

0.378 


2.465 

3.427 

0.72 

8.00 p.m, fed 30 











gm. starch and 


16 









lactopeptine. 


a.m. 

6.15 

2.84 









12.20 


0.0 






1.10 p.m. fed 50 











gm. cracker meal 
with dog’s pan- 



3.25- 4. 25 








creas. 







3.654 

4.994 

0.73 




4.25- 5.25 





2.873 

3.998 

0.72 



On December 10 the dog excreted some sugar but exhibited a G:N 
ratio of only 1.1, instead of a ratio in the neighborhood of 4 or higher 
which well fed dogs usually exhibit on the 1st day (Table III). In spite 














TABLE n. 

Ohzervalxons after Gastrectomy. Dog VIII j Young White Female^ Partly 
Bull; Weight 9.6 Kg. Gastrectomy November 11, 1916, 9.S0 to 11 a.m. 
Anastomosis Well below the Pancreas, 



•a « 5 

*S d w 


Food at each feeding. 



Nov. 12 


Drank a little milk. 
100 gm. meat, 

300 “ " 

Small amount of meat 
and lard. 

100 gm. meat; 

30 lard; 
bone asb. 

Same. 

100 gm. meat; 

30 ** cracker meal; 
10 lard; 
bone ash. 

Same, except 20 gm. 
lard. 

100 gm. meat; 

20 lard; 

30 cracker meal; 
bone ash. 

Same. 


No vomiting. 


Dec. 1.. 


Same food 4* 0.3 per 
cent HCI -k lacto- 
peptine.* 

Same. 


Same food but no HGI 
and no lacfcopeptine. 
Same. 


200 gm. meat, 

200 “ " 

50 cane sugar. 

200 gm. meat; 

30 cracker meal; 

10 ** lard; 

1 pt. milk; 
lactopeptine. 

Same. 

No food. 


Did not eat Trelh 
« ” 

Refused food. 

All eaten. 


All eaten. 


Not quite all 
Pancreas cxtirpa‘« 


\ \ » 

* New York Pharmacal Association. See note 16. 
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The dog was killed about 10 days later, but probably would have lived 
at least a week longer. The same absence of severe toxemia was evident 
in this dog as in Dog VIL The wound healed promptly after pancrea- 
tectomy and the animal was always playful and alert even when she had 
become much emaciated. No pancreatic tissue was found at autopsy. 

We were fortunate in having two white bull terrier females of about 
the same weight and age. One of these, Dog XV, was gastrectomized on 
January 3, and the other, Dog XVI, on January 7. The former was a 
ravenous eater and offered, therefore, an unusual opportunity to study the 
nutrition of a dog after a total, or nearly total/^ gastrectomy. Dog XVI 
was not a good eater and all attempts to secure quantitative results on 
the utilization of food were frustrated. 

Nutrition of the Dog after Gastrectomy, 

The most recent work on the nutrition of the dog after gas- 
trectomy was done by Levene and his coworkers ( 32 ) who showed 
that after both gastro-enterostomy and gastrectomy the reten- 
tion of extra nitrogen superimposed on a standard diet was 
greatly interfered with. The explanation, according to these au- 
thors, is that the stomach normally prepares protein food for 
assimilation by only partially digesting it, while the intestine 
carries digestion to its end stages in order to facihtate its further 
disposition toward excretion. The stomach being emptied too 
soon, as after gastro-enterostomy, or being entirely removed, 
digestion goes on too rapidly for retention. Their animals had 
no diflSculty, however, in maintaining nitrogen equilibrium. 

The fact last stated is an important one for om problem be- 
cause it made it almost certain that Dog VIII was in nitrogen 
equilibrium as well as in energy balance (as judged by weight) at 
the time of pancreatectomy. Nevertheless, in order to be se- 
cure on this point, it was necessary to study both the nitrogen 
balance and the fat balance. Accordingly, a diet was selected 
for Dog XV which should certainly contain sufficient nutrients 
of all classes, and the feces were carefully separated in periods, 

accomplished through a different agency than the regulation of the reac- 
tion of the blood. Compare the views of Bona and Wilenko (28). We are 
indebted to Professor Lusk for calling our attention to the hypothesis of 
Rona and Wilenko, which is so nearly akin to the one which prompted this 
research. 

** It was necessary to leave a ring of gastric wall about 2 cm. wide 
below the cardia in order to make a secure anastomosis with the intestine. 
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^art of the time by means of carmine and part of the time with 
silicic acid. Dogs of the same breed have been kept in good 
nutritive condition for long periods of time in the Cornell Lab- 
oratory by a diet of the same general character. Small and 
frequent meals were given at first in order not to put too great 
a strain upon the anastomosis, but the dog soon developed a 
capacity for a larger amount and at the end of the 1st week was 
taking the 24 hour diet in two feedings without any apparent 
discomfort. This same number of feedings was continued 
throughout the experiment. 

With 7.99 gm- of nitrogen and 71 calories per kg. of potential 
energy in the food during the first 3 day period, the dog re- 
tained 0.82 gm. of nitrogen daily and utilized 77 per cent of the 
protein intake and 83 per cent of the fat (Table IV). 

With the idea that this utilization might be improved by 
stimulation of the pancreas through formation of secretin, 
hydrochloric acid was administered by a tube introduced into the 
duodenum. For the first dose 0.5 per cent acid was used, but 
this produced violent peristalsis and bloody stool, which con- 
tinued for some hours. The dog drank water freely, but it was 
largely vomited. This observation confirms the statements o 
BoldyrefP^ in every particular. The strength of acid subsequently 
was reduced to 0.25 per cent and it was fairly well borne, al- 
though it was noticed that the dog drank more water than usu 
The utilization of food in this period was determined by 
ful separation of the well formed stool from blood which o 
lowed the first administration of acid. The protein had ecn 
absorbed to a greater extent, but the fat in the stool was no^ 
changed, showing that such benefit as was derived from t e a« 
stimulation accrued through assistance to the proteolytic , 
than to the lipobdric digestion. The query is naturally sugges^^ 
whether this is an instance of the specificity of secretion 
sisted npon by Walther (33) and others whereb}'', in this 
acid called out by protein in the stomach may, in turn, c 

especially the enzyme for its digestion. ^ ^ together 

Scale pepsin'^ was next given for a period of 3 days 
with the acid, but the net utilization of food was no 

Page 265. 

Parke, Davis and Company. 
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This does not mean that digestion was not improved a little, for 
the amount of protein ingested was somewhat greater than in 
the previous period, and the amount of nitrogen in the urine was 
greater. 

At this point the dog became ill of distemper (skin eruption, 
fever, and a cough) so that the experiment had to be discon- 
tinued. Fortunately, the trouble was of short duration. The 
fever completely disappeared within a week and the appetite re- 
mained as vigorous as ever. Since the dog had lost weight 
through the first three periods the diet was changed so as to 
furnish more protein, and 10 days later to furnish more potential 
energy as well. The higher protein was continued for 3 days 
before the scientific observations were resumed. Because the 
first stools were soft, a large amount of bone ash was given. 

The utilization of protein in the first period of observation 
was exactly the same as in the first period on the lower protein 
but the utilization of fat was not quite so good. With the help 
of lactopeptine^® the utilization of both protein and fat was con- 
siderably improved, that for protein increasing from 77 to 83 
per cent,^’ and for fat from 81 to 86 per cent. When cracker 
meal was added to the diet the digestion of protein for the next 
2 days was still further improved without the use of more pow- 
der, partly, at least, in virtue of the more favorable consistency 
imparted to the diet by the meal and owing to the fact that the 
powder continued to act for at least 1 day after its administra- 
tion had been discontinued. When the powder was again added 
there was a second improvement, the utilization of protein reach- 

" There has been some controversy between the Council on Pharmacy 
and Chemistry of the American Medical Association and other competent 
authorities regarding the digestive merits of this preparation. Its use 
was first suggested to one of us by results obtained in the laboratory of 
Professor S. R. Benedict before we knew anything of this controversy 
and it was tried with Dog VIII with apparently beneficial results. The 
powder was purchased at several different drug stores in New York City 
and the experiments here described were done without the knowledge of 
the manufacturing company. 

Since the reaction of the alimentary tract then was undoubtedly alka- 
line, the enzyme responsible for this improvement must have been trypsin. 
The contention that trypsin cannot e.xist in such a powder in associa- 
tion with pepsin seems, therefore, to be conclusively answered by this 
experiment. 
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91 per cent and that of fat 90 per cent for a period of 5 days. 
The dog made a distinct gain in weight during this period. 

Our conclusion from this experiment is that, wMe the dog 
without a stomach has no difficulty in maintaining nitrogen bal- 
ance, the utilization of food is considerably impaired by the 
absence of pepsin-hydrochloric acid digestion. With the aid of 
artificial digestion this was improved sufficiently to insure a 
satisfactory state of nutrition before pancreatectomy. 

Influence of the Previous State of Nuiriiion uyon the Effect of 
Pancreatectomy Following Gastrectomy, 

The pancreas was removed from Dogs XV and XVI on the same 
day (February 15, 1916), As a further test of the influence of 
the previous state of nutrition on the effects of pancreatectomy, 
Dog XVI, a poor feeder at best, had fasted completely 1 ^oek 
previous to this operation. The two dogs therefore presented a 
strong contrast in nutritive condition. 

The respiratory metabolism was determined on Dog XV on 
the 2 days just preceding pancreatectomy — ^the last time, in 
fact, just a few Hours before the operation (Table V). On Dog 
XVI it had been determined 1 week before and again the day 
fore operation (Table VI). The two determinations on Dog XV 
agreed well as regards both the heat production and the respira- 
tory quotients, which were those ordinarily obtained following 
a mixed diet. With Dog XVI there naturally was a decline m 
both heat production and respiratojy quotients foWovnng ^ 
fast and it is from the latter level that changes in heat pro uc 
tion -subsequent to the operation are calculated. 

Beginning on the day following pancreatectomy the two 
were observed side by side, one being placed in the respira 
incubator (34) in the morning and the other in the 
a week. Neither received any food for this period. 
saved and analyjzed for the respiration periods and the oo 

examined for its content of glucose. ^ trivcosen, 

Dog XV, presumably with a plentiful supply ® ^ ^ 
developed at once a rather severe lofl^ 

latlo of 2.8 on the 1st day. This, however, dm no p 
and for the week the average was only L7- Dog 
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a small amotmt of sugar on the 2nd day and then no more until 
the 5th. The contrast runs along similar lines as regards the 
blood sugar and heat production. Dog XV shows high blood 
sugar and a maximum increase in heat production of 36 per cent 
on the 2nd day, while Dog XVI showed no abnormal blood sugar 
until the 4th day and an increased heat production which reached 
a mavimiim of 24 per cent on the 6th day. It seems clear, assum- 
ing as we may, practically identical surgical results^® in both 
animals, that the previous nutritive condition is an important 
factor. The dog that was kept in good condition by artificial 
digestion developed all the symptoms (save one) of a tolerably 
severe diabetes, high blood sugar, moderately high G:N ratio, 
and large increase in heat production, while the dog that had 
been fasted developed the disease much more slowly and it did 
not reach so high a degree of severity. 

The matter is a not a simple one, however, for Dog VII, which 
could not have been so well nourished for the 11 days that 
elapsed between gastrectomy and the completion of pancrea- 
tectomy, exhibited a much more severe glycosuria than did Dog 
VTII, which was carefully fed and lost but little weight. More- 
over, Dogs I to VI were all in good nutritive condition. Fin- 
ally, neither Dog XV nor Dog XVI developed a respiratory 
quotient which would indicate the loss of the power to bum glu- 
cose and they reacted very much alike in this respect. The 
average R. Q. for Dog XVI after 1 week of fasting is 0.74; the 
average for twelve determinations after pancreatectomy is 0.74 
(nearly), while for Dog XV it is 0.73. These are quotients ordi- 
narily obtained in starvation. If the respiratory quotient is a 
criterion of the capacity to oxidize glucose these dogs had this 
power, albeit of limited range, as long as they Hved, Dog XVI died 
on the 11th day. Dog XV on the 17th day after pancreatectomy. 

Unusual care was taken in aU of these experiments to remove 
every shred of pancreatic tissue and in no instance was any such 
tissue found at autopsy. There have been no exceptions to the 
general rule in this work. Every dog that has been successfully 
operated has exhibited the typical effects to a greater or less 
degree. 

It is possible that a little more gastric mucosa was left in Dog XV 
than in Dog XVI. See note 13 . 
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SmVIMARY. 


1. The hypothesis upon which this work is based is that the 
hydrochloric acid produced in the stomach and left nnneutral- 
ized in the duodenum after pancreatectomy is absorbed by the 
portal system and poisons the liver, causing the rapid onset of 
the resulting diabetes in well nourished animals. 

2. Three dogs in good nutritive condition, that had the py- 
lorus ligated at the time of pancreatectomy, excreted no sugar 
during the first 24 hours, owing to the absence of acid in the 
duodenum. 

3. Five dogs with a previous gastrectomy, upon removal of 
the pancreas, developed little or no glycosuria; but one other dog, 
when given artificial digestion and kept in good nutritive condi- 
tion so that a considerable amount of glycogen was probably 
stored following gastrectomy and previous to pancreatectomy, de- 
veloped a tolerably severe diabetes, exhibiting high blood sugar, 
an average G:N ratio of 1.7, and an increased heat production 
up to 36 per cent. 

4. The respiratory quotient of this dog and of two others pr^ 
viously gastrectomized was but little lower than that of ordi- 


nary starvation. 

5. Dogs with pancreas removed after gastrectomy do nof 
exhibit the usual profound toxemia of a simple pancreatectomy* 

The results of this study taken in conjunction with the results 
of Rona (36) and his associates, showing the extreme sensitive 
ness of the mechanism for oxidation of glucose to the concentra 
tion of hydrogen ions, and the work of Murlin and Kramer 
onstrating the beneficial effect of alkali administered to tota } 
and partially depancreatized dogs on the oxidation of glucos^ 
suggests that the internal function of the pancreas may he c ose 
akin to its external function in that, on the one hand 
it provides for the complete neutralization of 
of the stomach, thereby protecting the liver in its g y^® 
function, and on the other (internal), it somehow 
proper concentration of hydrogen ions in the 
tion of glucose. It is not impossible that the pancrea ic ^ ^ 

through which this latter function is ^^charged, my P 
a peculiarly adapted alkali produced by the islands 0 
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A differentiation of cells for the production of alkali in the pan- 
creas is a priori no more improbable than such a differentiation 
for the production of acid in the stomach. The alkali which 
passes into the intestine neutrahzes the hydrochloric acid of the 
stomach, but it may also be given off to the blood. Acidity of 
the tissues may be due to the accumulation of carbon dioxide. A 
peculiarly adapted alkali which should maintain the combining 
power of the blood (corpuscles as well as plasma) for carbon 
dioxide would serve to maintain the normal reaction in the tissues. 
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There are many points of difference between experimental 
pancreatic diabetes in the dog and human diabetes mellitus. 
These have been tersely stated by Falta (1) and Allen (2). There 
has never been any serious question, however, of their fundamental 
identity. In both, the primary defect is inability to oxidize glu-^ 
cose, as proved by the low respiratory quotient, and the elimina- 
tion of this sugar in toto when ingested. 

In view of the demonstrated effects of alkali upon the glyco- 
suria and upon the respiratory metabolism of diabetic dogs (3), 
the question has presented itself as to whether the failure to ob- 
serve favorable effects in man has been due to inattention to 
details or to the administration of alkalies either too strong or 
too weak. Evidence has been cited in a previous paper (4) 
that a very slight absolute change in hydrogen ion concentration 
might make a great difference in the capacity of exsected organs 
to utilize glucose, but it is well known that the hydrogen ion con- 
centration of the blood, and still more of the tissues, cannot be 
easily altered. However this may be, the prevailing opinion (5) 
amongst clinicians has been that alkali affects only the acidosis. 

There have been, it is true, some dissenters from this view. Without 
attempting to give credit to all who have recognized the possibility of a 
direct benefit to the fundamental defect through control of the acidosis, 
we shall mention a few who have reported significant results. Sawyer 
(6) observed that alkaline lavage of the stomach was of distinct benefit. 
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Dietrich (7) found out of forty cases of diabetes in Petrograd only 25 per 
cent with normal or apparently normal gastric conditions. He likewise 
reports complete disappearance of the sugar from the urine in the cases to 
which he applied alkaline lavage of the stomach, even without enforcing 
an anti-diabetic diet. Funck (8) is certain that in many diabetics stomach 
disorders play an important part and believes that cures of diabetes 
effected by treatment of stomach and intestinal trouble justify the general 
hypothesis of a causal relation between these disorders and diabetes 
itself. 

Menyhdrt (9) has for many years treated diabetes on the theory that 
the underlying cause is a disturbance in the balance between secreted fer- 
ments and ferments not secreted and a “pathological chemism of the in- 
testinal tract. “ The first step in his treatment, which according to all 
accounts available (10) is very effective, consists in the thorough alkalini- 
2 ation of the intestine by giving sodium bicarbonate in 0.5 gm. of keratin- 
covered capsules up to a maximum of forty to fifty pills a day. The bal- 
ance between ferments he attempts to restore by the use of papain pills. 
Menyh^rt claims that diabetics who died in coma have shown an extremely 
acid condition of the intestinal contents and of the chyle in the thoracic 
duct. He claims to have depan creati^ed a dog completely and kept him 
alive for 8 months under this treatment, 

Weiland (11) has clearly recognized, though he has not demonstrated, 
the importance of alkali in connection with the oatmeal cure, and Under- 
hill (12) has recently reported the apparently beneficial effect of large doses 
of alkali on a severe glycosuria. 

The report of Menyhdrt*s work first suggested to us the importance o 
administering alkali to diabetics directly into the intestine. Encourage 
by the results already reported on dogs, especially from intravenous in- 
fusion of alkali, it was resolved to make a critical study on a few selec e 
cases of the effects of alkali administered in different ways. Through t e 
courtesy of Professor Lusk and Dr. Du Bois in placing at our disposa t e 
metabolism ward of the Russell Sage Institute of Pathology ^ 
equipment in Bellevue Hospital, we have been enabled during the pas 
summer to make a study of a half dozen cases.' 

It was necessary to have perfect control of the diets.^ All 
urines and stools were collected quantitatively and 
served. Because we wished to follow the effects upon the oo 


' A portion of the expenses of this research has been defrayed out o 
Johnston Livingston Fund for Experimental Medicine. 

miss M. Duggan, who has had 2 years^ experience under ^ 

WRB placed in charge of this work, and with the in 

day and night nurse she has weighed and calculated the co P 
every particle of food eaten by these patients. 
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sugar and to note its relation to the COrCombining power, blood 
samples were taken, as a rule, every other day. 

The 24 hour urine periods closed at 5 a.m., breakfast came at 
6, and the blood samples were taken at 11, or between 11 and 
11,30. Alkali (NaHCOj) was administered to one patient by 
mouth, and to one patient (carbonate as well as bicarbonate) 
also by intravenous infusion; but the introduction of these solu- 
_ tions directly into the duodenum by means of Einhom’s duo- 
denal tube (13) proved much more satisfactory. We expected 
two distinct advantages from this mode of administration: (1) 
there is little danger of vomiting and no interference with di- 
gestion; and (2) the alkali would not stimulate the stomach to 
produce more acid (14). It was to make sure that digestion 
was not seriously interfered with that the feces were saved and 
separated into periods of 3 to 6 days, corresponding to the 
periods of alkali treatment and the intervals between them. 
Separation of feces was accomplished by means of carmine given 
in 5 grain capsules. With one patient charcoal was given in the 
same way. 

Once the patient was safely established on a diet of known 
composition and a control period of several days had been se- 
cured for both the glycosmria and the digestion (feces), alkali 
was given once each day for several days in succession. This 
was followed by an interval of like extent and then the alkali 
was resumed. With only three patients were we able to con- 
tinue these periods on and off alkali as long as we wished. 
The other three were treated only once or twice. 

In the maintenance of a constant diet it was of course recog- 
nized that spontaneous fluctuations of the sugar output would 
occur, and it was expected that in some cases the simple restric- 
tion of the carbohydrate would lead to marked improvement. 
What we hoped to see, however, was a fluctuation down and up 
coinciding with the periods of alkali and no alkalk Such a 
tendency is distinctly visible in practically all the cases. 

Two diets, one containing approximately 15 gm. of carbohy- 
drate and the other approximately 100 gm. have been chiefly 
used. The articles of diet were selected with a view to uni- 
formity of composition. Thus the meat was aU lean beef ground, 
or chicken carefully selected and separated from skin, gristle. 
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etc. The milk, butter, bread, peas, and oatmeal used had been 
analyzed by Dr. Gephart in connection with the metabolism 
work in the hospital conducted by Professor Lusk and Dr, Du 
Bois. We found it necessary, therefore, to make but few analyses 
for this research. 

Methods, 

The method of administration of the alkali deserves special 
mention. The same method had been used independently by 
Dr. Du Bois in the administration of alkali to nephritics. The 
Einhom tube was given to the patient about 8 or 9 a.m. It is 
easily swallowed with the help of a little water. By having the 
patient lie upon his right side the bucket’^ would in most cases 
be found in the duodenum in a couple of hours. As soon as pos- 
sible after drawing the blood at 11 a.m., the alkali, heated to 
about 45°C., was allowed to run into the intestine from a ther- 
V"' mos bottle used as a Mariotti flask, by the visible drip method. 
In the majority of instances we have used 500 cc. of fluid and 
have adjusted the flow at such a rate that it required an hour to 
enter. Without exception the patient has been able to eat din- 
ner as soon as all the alkali was in the duodenum. In a few in- 
stances larger amounts of fluid were used and proved too much 
for the bowel to hold. Several loose stools within a couple of 
hours resulted. 

The methods of analysis applied to the urine and blood were 
those which have been employed in this laboratory in the studi^ 
of pancreatic diabetes in the dog (3). Only the method of o 
taining the C02-combining power of the blood deserves specia 
mention. The chemical method of Haldane employing 
monometers devised by Brodie (16), has been used. We av 
chosen the entire blood rather than the plasma, partly 
it is much more convenient to transfer whole blood to sue 
apparatus, and partly because there is some reason to e e ^ 
that the combining power of hemoglobin as well as of the p a 
for CO 2 is dependent upon the amount of alkali 
Finally we wished especially to investigate possible 
between the C02-combining power and the blood 
the blood sugar occurs in the corpuscles as well as in p 
whole blood should be used in both detemunations. 
go into this subject more fully in a later paper. 
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5 to 7 cc. of blood were drawn into a Brodie pipette and mixed 
with 0.3 cc. of hii'udin solution. 0.5 cc. was then transferred to 
the bottle of the Haldane-Brodie monometer and while in this 
bottle wa^ saturated with CO 2 by blowing alveolar air directly 
onto the blood, the bottle meanwhile being rotated rapidly. 
Saturation is accomplished in this fashion in 2 to 3 minutes. 
Withdrawing the glass tube through which the breath is directed 
into the bottle and quicldy closing the neck of the bottle with 
the thumb, the operator can attach the bottle, with blood and 
alveolar air contained, to the monometer without loss. After 
equalization of temperature in the several bottles (duplicates for 
each sample) and the control monometer, the regular Haldane 
method is carried out, driving off oxygen iBirst, 

Control analyses were made in the same maimer in every de- 
tail on several normal bloods, and often both kinds of blood were 
analyzed on the same day, saturation being accomplished with 
the same alveolar air in the several samples within a few minutes 
of each other. In all the charts and tables which follow, the 
figures for the blood were obtained from samples taken at the 
begmning of the urine day. In other words, the blood sugar 
level and the COrCombining power which prevailed at or near 
the beghming of the 24 hour period and which must have influ- 
enced the output of sugar for this period are shown. 

Description of Cases and Results, 

The first case that we encountered proved to be an interesting 
one of renal glycosuria. Since the case was not suitable for 
treatment with alkali, it will be reported elsewhere. The fourth 
case also was one of peculiar interest because it was soon learned 
that the patient had little or no pancreatic digestion. This 
case will serve, however, to introduce the subject of the influence 
of alkali and will be considered hei^e (Case 1). 

A brief description of the cases will suffice, because the tables 
show the degree of severity presented. 

Case L H., an extremely emaciated man, age 55 years; no teeth; 
arteries slightly thickened; physical examination otherwise negative. 
Family history negative for tuberculosis and diabetes. Had had scarlet 
fever and measles as a child, gonorrhea 25 years ago. Otherwise well and 
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strong up to present illness. Had been a rather heavy drinker — fifteen to 
twenty whiskies daily for 10 to 12 years. None now for 2 years, but takes 
beer occasionally. Present illness began 2J years ago (1914). He felt 
tired and run down, and examination of urine revealed sugar. Took medi- 
cine and dieted, but gradually ^*went down hill,'* losing weight. Gave up 
dieting last fall (1915). Stopped work on June 1 on account of weakness. 
Has lost 60 pounds in 2| years. Eyesight and hearing are rapidly failing. 
Legs becoming numb, marked dyspnea on exertion. Occasional swelling 
of hands and feet. 

This patient when placed on low carbohydrate immediately 
became sugar-free, but instead of improving lost weight rapidly 
while eating more than 40 calories per kg. daily. In 2 weeks 
he had fallen off fully 8 kg. Examination of the stools during 
this time revealed the fact that he had practically no pancreatic 
digestion. The stools were very light in color and like butter, 
being very hard while in the ice box and soft and semifluid when 
at room temperature, in which state the fat could be seen float- 
ing on the surface. They also contained large amounts of undi- 
gested meat, egg, etc. 

Careful palpation of the abdomen at this time disclosed a very 
hard and resistant body just above the umbilicus extending trans- 
versely from to 2 inches to the right of the median line, which 
was thought to be the pancreas much hardened and atrophied. 

Artificial digestion was instituted with lactopeptine powder on 
July 7. For the first 3 days it was given | hour after each meal, 
but it did not appear to be beneficial. The bowels continued 
loose and the stools copious. Artificial digestion was discon- 
tinued until the 16th, when the powder was given in 0.3 per cent 
sodium carbonate by means of the duodenal tube. Following 
the 3rd day of this treatment sugar began to appear in the urine, 
indicating that digestion of starch was taking place. Since the 
infusion was given just before dinner each day, this suggested 
that the pancreatic enz3anes would better survive the stomach if 
given before meals. Accordingly on the 22nd 5 gm. were given 
in water 20 minutes before each meal, and the fact that the 
trypsin in the powder actually survived the stomach was proved 
by recovery of it from the duodenum.^ 

® Since this is a rather important practical point for the administration 
of pancreatic digestion artificially, some details of these tests will be given. 
On August 1, just before giving the powder on an empty stomach, the duo- 
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There are two points of particular interest in this case. (1) 
The urine contained no sugar as long as the digestion was not 
assisted artificially, but soon after the digestive powder was 
given, sugar appeared. The amount of sugar varied (a) with 
the amount of carbohydrate in the food (see table) and (b) with 
the amount of digestive powder administered (see Fig. 1.) With 
100 gm. of carbohydrate in the food, as much as 65 gm. of glu- 
cose were found in the urine. That the other 30 gm. were being 
used by the patient is not certain, although it is probable from 
the fact that ho gained weight during the period. (2) While 
alkali (0.3 per cent Na^COs) was being given with the digestive 
powder the sugar disappeared from the urine (July 28). The 
strength of alkali was such as not to interfere with pancreatic 
digestion; hence it is probable that the carbohydrate was better 
utilized under the influence of the alkali. Again, when the 
amount of digestive powder was increased and digestion had 
reached its maximum, the addition of alkali brought the exc^^ 


denal tube being in place (as proved by the viscid- yellow contents with 
strong alkaline reaction), one-third of a syringe-full of water was intro- 
duced nnd one-half syringe-full was immediately withdrawn. This fluid, 
strongly tinted with bile, was set aside in Test-tube 1. A half gloss of 
water, containing 5 gm. of lactopeptine (New York Pharmacal Associa- 
tion), was then taken by the patient and 10 minutes later a second sample 
was taken from the duodenum in the same manner (Test-tube 2). A thu 
was drawn at the end of 20 minutes. In all these samples the powder was 
clearly visible. During the time since drinking the water the patieo 
was required to lie upon his right side in order to facilitate eznptyn^S 


the stomach. . 

The three samples of duodenal contents were tested by placing 2 cc. ^ 
each fluid in 5 co. of 0.3 per cent NasCOj, and adding about 1 gm- ® 
fibrin. Incubation at 38°C. Pancreatic digestion was very evi 
Test-tube 3 (containing duodenal contents drawn 20 minutes ^ 

tion by stomach) at the end of 10 minutes* incubation. At the eri o^ 
minutes digestion was evident also in No. 2, but continued muc s ^ 
in No. 3. At the end of 3J hours the fibrin in No. 3 was all dism ^ 
that in No, 2 was much broken up, but no digestion at all had ta 'cn 


in No. 1. • * ^\r P and M. P-) 

Similar tests were carried out on two other patients ^ j-/ference in 
vrho had normal gastric and pancreatic digestion. The only m 
result was that the first sample (drawn before inpstion o 
ahov?edsoine digestion, but not so much as the other samp 
Ihepwdet freshly passed through the stomach. 
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pancreatin thereafter. 
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tion of sugar down sharply and at once, and held it at a nearly 
constant level. In the absence of any reason to believe that 
digestion was interfered with (see examination of feces later) this 
may be taken as evidence of improved utilization, particularly 
in view of the continued gain in weight at this time. 

When the digestive powder was discontinued the sugar in the 
urine again fell off promptly but did not wholly disappear for 2 
days. During this time the powder must have continued to 
digest starch in the intestine. Merckxs pancreatin was used 
instead of lactopeptine during the last period. The amount of 
sugar excreted shows that 5 gm. of this powder is about equal 
in diastatic power to 10 gm. of the lactopeptine. The latter 
preparation contains pepsin, but we are not aware of the exact 
proportions. The biological test here applied indicates that 
pancreatin may constitute from 40 to 50 per cent of its weight. 

The blood sugar in this case varies always with the amount of 
pancreatic digestion. The specific gravity shows that such 
fluctuations are not due to variations in dilution when alkali was 
administered. 


Case 2» — ^J. R., a poorly nourished, slightly anemic man, age about 
30 years; married. Family history negative. No childhood diseases, 
never sick in bed until present illness, which began suddenly in Apnt 
1915. Worked 14 years as a butcher. Drank moderately. Had had as 
high as 7 or 8 per cent of sugar in urine. Present weight 115 pounds, nor- 
mal weight 178. Had been to Mt. Sinai Hospital in March, 1916, at whic 
time fasting for 1 or 2 days had rendered the urine sugar-free. Refers 
by Dr. A. I. Ringer. 


Placed on 15 gm. of carbohydrate, this patient excreted & J 
the 1st day nearly 100 gm. of carbohydrate, and his G:Nr6^ 
was 4.0. On this same day he showed symptoms of severe aci 
sis (high acidity in urine, acetone breath, headache, fed 
and bicarbonate of soda was started in 10 gm. doses. 
days 30 gm. were given daily and there was by the ^ 
time a marked general improvement. While the 
the urine had not gone down consistently the sugar m e 
had yielded and the G : N had dropped. Then for 3 
of Ringer’s solution to which had been added sodium m 
Ltta—te noted in the table, ,.ere Wus=d ttough to 
horn tube into the intestine. The sugar m the ur g 
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of falling off at once, but this did not become marked until tie 
2nd day after the infusion was stopped, A delay of this sort is 
the effect of bicarbonate as opposed to carbonate has been noted 
by Murlxn and Kramer in the dog (3). The output of glucose 
then for 2 days was only about one-half what it had been vrhen 
the alkah was started. Then it began to rise and fluctuated for 
several da3-s about 70 gm. The G: N ratio at its lowest point 
was 1.7, from which it rose again to the neighborhood of 3.0. 
The nitrogen in the urine had also fallen off considerably, giving 
the appearance of interference with digestion. On account of 
severe constipation at the start and some diarrhea as the re- 
sult of these duodenal infusions it was impossible to make accurate 
separation of the feces in this case. 

The blood sugar, after a sudden preliminary drop when the 
alkali was started, follows (or, preferably, precedes) in a general 
way the level of the urinarj^ sugar. The specific g^a^’ity of the 
blood was not taken in this case, but to judge by the cases wUch 
follow, the fluctuations of gb^'cemia are not due to the dilution 
of the circulating medium. 


Case S. — N. P., a well formed, medium sized man, age about 35 years, 
married, Phj'sical examination negative. Family history negative lor 
tuberculosis and diabetes. Had no childhood diseases and bad n^r 
been ill before present illness which began 10 months ago (Septem h 
1915). Had worked as a baker and had eaten much sweet cake by va} o 
testing it. Drank some beer but no whiskey. Onset of diabe^s su 5^/ 
patient noticed that he was urinating frequently and was 
Family physician diagnosed diabetes and placed him on a diet with car 
hydrate not entirely excluded. Lost 50 pounds the first ^ ^ 0 

but by careful dieting has held his weight at 143 pounds for t s 
or 7 months. No increased frequency of micturition at present, 
plains only of weakness. 


This patient was kept throughout on 15 gm. of carbo ) ’ 

from 17 to 18 gm. of nitrogen, and about 35 calories _.g(j 

For 5 days on this diet, during which the feces were being 
for control, the glycosuria fell off distinctly, and -^e 
of alkali (bicarbonate of soda in Tjuode’s ^nedod h 

aggravate it for the first 2 days. At the end of tie p 
was at the same level as before the alkali there 

Case 2). But within the ne.xt 4 days without alkali, 



J. R. Murlin and L. F. Graver 


303 


rise in output of about 30 gm. and when 1 per cent sodium car- 
bonate was given another fall of nearly 30 gm. (on the 2nd day) 
took place. The level then maintained was lower than at any 
time before. 

The second period without alkali was marked by an even greater 
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Fig, 2. Case 3 . — Gm. of sugar in urine. - - Hundredths of a per 
cent blood sugar. 

travenous infusion of carbonate, on the 2nd when bicarbonate 
was used the sugar excretion became very high. Murlin and 
Kramer (3) have noted this effect of bicarbonate to cause a sud- 
den flushing out of glucose even when the subject, a depancrea- 
tized dog, was entirely free of sugar. The contrast with carbonate 
is very sharp in this case and judging by the volume of urine we 
must suppose that it is largely a washing out process. 



304 EfiFect of Sodium Carbonate in Diabetes 















J. R. Murlin and L. F. Graver 


305 







306 Effect of Sodium Carbonate in Diabetes 


Comparison of this period with the following one when 1 per 
cent carbonate was given by the duodenal tube shows that the 
latter method produces the greater effect. Does this signify 
that some factor derived from the alimentary wall is at work, or 
only that the beneficial effect is prolonged by slow absorption? 
If the acid chyme passing into the duodenum can intensify the 
diabetes of a depancreatized dog by starting some toxic action 
at the duodenal wall (4), can we not say that the normal correc- 
tive is an antagonistic action of alkali starting at the same point?^ 
The nitrogen of the urine varies with the sugar. The analy- 
ses of feces which in this patient were easily separated show that 
this fluctuation cannot be located in the processes of digestion.® 
The figures for blood sugar in this case do not run perfectly 
parallel to the figures for urinary sugar, and yet, with but few 
exceptions, the tendency to do so is evident. Perhaps if blood 
samples had been taken every day this would be displayed still 
J better. The specific gravities show that Suc-^vations in blood 
sugar cannot be explained by dilutions. 

The COs-combining power of the blood presents some points 
of interest. The technique throughout was exactly the same. 
Normal combining power by the method here employed runs 
around 85 volumes per cent. The first determinations in this 
case were made previous to the administration of any alkali. 
The figures are low enough to denote a distinct acidosis. In the 
first sample taken after alkali (on the morning following the sec 
ond infusion) th^ combining power was nearly normal, hater 
when alkali was given by vein the combining power 
affected so much. This probably means only that the a 'a i 
placed directly in the circulation was more quickly elimina e ^ 
When (in the last period) 1 per cent carbonate had been give 


* The intravenous method is obviously attended with danger o e 
The median vein was used in this patient, and on the day o 
infusion the vein at the site of injection was found filled wit ^ of 

clot. Happily these did not cause any serious t^nnble. ® the 

solution w^as never more than 1 per cent. Judging by ® ^ ipos pro- 

infusion of stronger solutions of alkali must be a rea y 


cedure. 

® Sec page 311. 
* See page 292. 
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for 3 days by duodenal tube the combining power had risen to 
76 and it was again at this level after starvation for 1 day. 

Case 4. — P., a somewhat obese man, age over 50 years; married. 
Physical examination negative except for skin and toes. On left foot 
middle toe is reddened and quite edematous at end, ulcerated in front; 
fourth toe also reddened and swollen. On right foot great toe somewhat 
edematous; median Surface reddened and tender. (The lesions were later 
pronounced gangrenous.) Skin on palmar surface of hands dry and scal- 
ing. Family history negative for tuberculosis and diabetes. Mother died 
of “ Bright^ s disease^ Chicken-pox only childhood disease. General 
health had been good except for an attack of articular arthritis in 1910. 
Patient is an elevator man; had been a moderate drinker, taking whiskey 
before breakfast occasionally. 

Present illness came on suddenly about January, 1^15, when patient 
noticed weakness, loss in weight, great thirst, and appetite. Physicians 
told him he had 4 to 7 per cent sugar. Went on restricted diet for 3 to 4 
months and felt much better. In the past year has had no diabetic treat- 
ment. Toe on left foot became sore and ulcerated in April, 1916, and in 
June, toe on right foot. Patient has felt weak ever since. Has lost weight 
but does not know how much. Urination five to six times daily and two 
or three times at night. 

With the exception of the 1st day, which probably reflects the 
influence of the previous diet, the sugar excreted during the first 
period was approximately nine-tenths of the carbohydrate in- 
gested. On the first 3 days on treatment with alkali (bicarbon- 
ate through duodenal tube) the glycosuria fell off sharply^ but 
remained stationary or nearly so when the alkali was discon- 
tinued. When next it was resumed, different strengths of car- 
bonate were introduced into the intestine with a view to finding 
the minimal strength which would produce an effect on the gly- 
co^ria. The chart shows that this was not reached xintil 1 per 
cent was used, whereupon the excretion fell off immediately 
about 20 gm. Once more the sugar rose when the alkali was in- 
terrupted for 2 days, and was brought down to 35 gm. by inter- 
mittent doses a day apart. 

There is in this case no close correspondence between the 
level of blood sugar and the glycosuria. The lowest points in 
the two curves do not correspond and, after the 1st day, the highest 
points do not. Nevertheless there is marked improvement in 
the glycemia as well as in the glycosuria. The figures for the 
C02-combining power show that the alkali* persists in the blood 
for at least 1 day after the infusion. 



TABLE IV. 
Case i. M. P. 
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The most encouraging fact mth regard to this patient was the 
complete cure of his gangrenous toes. Several days before he 
left the hospital the lesions were completely healed and the 
redness had disappeared. Moreover, there was total absence of 
pain both in the feet and legs. 
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Fig. 3. Case 4. — Gm. of sugar in urine. Hundredths of a per 

cent blood sugar, 0.3, 0.5, 1.0 denote per cent of sodium carbonate. 


Case 5. — B, a muscular, well nourished man, age about 

Physical examination negative. Formerly drank considera e 
some whiskey, but none of either for the past 4 years. Smo Always 
twenty cigarettes daily. Remembers no childhood discs®®®* 
well until 4 years ago, when he began to lose ^^^^ht, 
very thirsty. Micturition ten to twelve times daily. 
headaches. Had taken treatment in 1912, including 2 days^ ^ 

Urine became sugar-free and he gained 4 pounds. losing S 

months ago. Became careless regarding diet and grew Referred by 

pounds. For the past 3 weeks has been on * diabetic diet. 

Dr. Stillman of the Rockefeller Hospital. 


This case came too late to 
study. It is reported only for 


much 

f the administrati 
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TABLE V. 


Case 5, B, B, 




Urine. 

Blood. 

Date, 

day ending. 

Food. 

d 

s 

s 

"o 

> 

& 

d. 

CO 

< 

N. 

G. 

Sugar. 

Q cl 0 ) 

T ^ 

o 

a 

CO 



cc. 


cc. 



per 

ccni 



Aug. 25. . 

15 gm. carbohydrate 
and 35 calories per 
kg 

995 

1.034 

547 

18.99 

26.7 




“ 26. . 

1 sandwich (stolen). 

810 

1.029 

490 

12.8 

0.213 

69.1 

1.073 

27. . 

Fasting 

680 

1.023 


12.32 

0,0 




28.. 

500 cc. milk 4* 0.5 

■ 





per cent NazCOa 
j by duodenal tube . 

t595 

1.023 

H 

111. 01 

[ 

i 0.0 

0.108 

80.4* 

1.072 

" 29.. 

i 1,000 cc. milk + 





1 



i 


0.5 per cent 
NazCOs by duo- i 
denal tube 

650 

1.026 

S52 

13.48 

0,0 



I 

30.. 

1,000 cc. milk by 





stomach 

495 

1.027 

401 

11.67 

2.0- 










* Blood drawn before any alkali was given. 


milk containing alkali by duodenal tube. After the urine had 
been rendered free of sugar by starvation, first 500 cc. and the 
next day 1 liter of milk were given after being boiled to guard 
against excessive putrefaction, and being rendered alkaline to the 
extent of 0.5 per cent of the anhydrous carbonate. The urine 
continued free of sugar, but the next day when 1,000 cc. of raw 
mOk were given by stomach the resulting urine contained roughly 
2 gm. of sugar. Does this signify that acid chyme brought out 
the sugar (4)? 

The relationship between the blood sugar and COa-combining 
power is also of interest. 

Analysis of Feces, 

To show that the infusion of alkali up to 1 per cent (anhy- 
drous carbonate) directly into the intestine does not interfere 
with digestion, we show in Table VI the analyses of feces from 
three patients, carefully separated so as to correspond with peri- 
ods during which alkali was given and periods when it was nofc 
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given. For Case 1 the analysis of feces also shows the com- 
parative utilization of the foodstuffs with and without artificial 
digestion. Time did not suffice to make direct analyses for car- 
bohydrate also, but for this patient the digestion of carbohydrate 
is clearly indicated by the amount of sugar in the urine before 
and after using lactopeptine and Merck's pancreatin^ (Kg. I)* 

TABLE VI. 


Feces. Daily Averages. 


Naturo of period. j 

i 

Period 
date. 1 

iO 

|! 

1 

Nin 

food-l 

1 

Nin 

urine. 

i 

Nin 

feces. 

N 

1 

Fat in 

1 

Fat in 
feces, j 

Fat 

ba/aaca. 



0 




balance, | 

food. 1 




Case 1. 


No alkali. 5 gm. 
lactopeptine be- 
fore each meal . . 
No alkali. 10 gm. 
lactopeptine be- 

Aug. 1- 4 

1 

1 

4 

gm. 

13.7 

gm, 

9.47 

0m. 

7.29 

gm, 

-3.06 

1 gm. 

131. S 

gm, 

1 

gm. 

fore each meal. . 
-600 cc. 0.3 per cent 
NajCOj in duo- 
denum. 10 gm. 
lactopeptine be- 

"5-9 

1 

I 6 

1 , 

14.0 

9.62 

3.95 

+0.043 

1 

i 

132,0, 

1 

24.0 

1 : 

1+108.0 

fore each meal . . 
No alkali. No 

“ 10-15 

6 

14.3 

8.73 

4.07 

+1.5 

132.4 

24.3 ■ 

! 

+108. 1 

digestive powder. 

“ 15-19 

4 

14.3 

6.75 

10.10 

-2.55 

132.4^ 

35.03)+ 47.d/ 


Case S. 

600 cc. 1 per cent ' 
NajCOa in duo- 
rienuTTi , 

! “ 7-11 

1 “ 12-15 

1 

1 

5 

17.6 

17.6 

17.9 

18.8 

1 17 

L47 

1 

171.1 

1 2.25 


No alkali 

1 4 

1,45' 

-2.65 

171.1 

3.47 




Ci 

ci5e 4 . 


t 

l 

. — ' 


No alkali 

“ 7-11 

5 

20.1 

15.5 

' X.81 

+3.8 

463 ..4 


0.3 to 1.0 per cent 
Na?COs in duo- 
dcnvun 

" 12-16 

5 

20.3 

16.4 

! 

1.45 

CO 

lesj 



I'No aWowance has been made for the possible 
these poT^dera. Assuming 40 per cent, which would be big r 
ot starch digested would be some 12 gm. at most, less 
oi grama oi sugar in the urine. 
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DISCUSSION. 

The foregoing results appear to confirm the observations made 
by Murlin and Kramer on the effects of alkali with depancrea- 
tized dogs. Owing probably to the more conservative use of the 
alkali the urine was not rendered entirely free of sugar, at least 
not for a whole day; but it was in several instances very materi- 
ally reduced. The rise in excretion following the alkali (carbon- 
ate) leaves no doubt of this effect. Because of the preliminary 
character of these observations we did not seek to maintain an 
alkaline urine. The acidity figures in the tables show how nearly 
this state was approached. An alkaline urine on such a diet 
as was given here does not represent a normal condition of af- 
fairs, and we see no reason for the enormous doses of alkali which 
are often administered. In fact the results which have followed 
the use of sodium bicarbonate in these experiments (in agree- 
ment with the observations on dogs) indicate clearly that this 
salt may do real harm rather than good. From these brief 
experiences we are prepared to recommend the normal salt rather 
than bicarbonate, and are certain it can be used intraduoden- 
ally up to 1 per cent with entire safety. However, if it is kept 
up too long there is possibility of sloughing. Signs of this were 
seen in one case, although it was not serious. 

A word is due regarding the gain in weight so often witnessed 
in patients treated with alkali, A good instance is seen in Case 
2 of this series. This patient gained about 4 kg. during the time 
the alkali was being given, and held most of it for 4 or 5 days 
after the alkali was discontinued. Doubtless this increase repre- 
sents water almost exclusively. Attempts have been made to 
explain the retention of glucose by alkali by supposing that it is 
held back in this water. Two objections can be offered to this: 
(1) the greatest retention of water rarely corresponds to the 
maximum retention (decreased elimination) of glucose; and (2) 
there is no reason to suppose that the fluid retained in the tissues 
would contain more sugar than the blood. If it did not contain 
more the total retention in this water would rarely account for 
more than a small fraction of the total retention (decreased 
elimination) of glucose. 

The figures for blood sugar and specific gravity of the blood 
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prove, we think conclusively, that there may be a horn fide re- 
duction in the percentage of blood sugar by the alkali independ- 
ently of any factor of dilution. If this is true, there is little reason 
to doubt that the alkali may, in man as in the dog, facilitate the 
actual oxidation of glucose. Only direct observations on the 
respiratory metabolism can settle this question. 

It should be noted that there was distinct clinical improvement 
in several of the patients during the course of the treatment. 
This was most marked in Cases 2 and 4. All felt an improvement, 
but it was not clearly objective except in these two. 
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THE RELATIONSHIP EXISTING BETWEEN THE OXI- 
DASE ACTIVITY OF PLANT JUICES AND THEIR 
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NOTE ON THE CAUSE OF OXIDASE 
ACTIVITY IN PLANT TISSUES * 
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AgriculiurCf Washington,) 
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INTRODUCTION. 

It is peculiar to tissues of many plants to hasten greatly the 
oxidation by atmospheric oxygen of certain aromatic compoimds 
of the hydroquinone type. This capacity of plant tissues, which 
differs in degree in different plants as well as with different aro- 
matic compounds used, has been termed oxidase activity. 

Some years ago a study was started in the Office of Plant Physi- 
ological and Fermentation Investigations in the Bureau of Plant 
Industry on the relationship of the oxidase activity to various 
physiological conditions of plants as well as to certain plant dis- 
eases. While no complete review of the first part of the work 
has yet been made, the second part of the work has yielded nu- 
merous results, parts of which have been published.^'^ q'Re r5]e 
of hydrogen ions in various physiological processes has been re- 
viewed by McClendon,^ and their significance in enzymotic proc- 

* Published with the permission of the Secretary of Agriculture. 

^ True, R. H., Physiological observations on alkaloids, latex, and oxi- 
dases in Papaver somniferumf Am. J. BoLj 1916, iii, 1. 

* Bunzell, H. H., The measurement of the oxidase content of plant 
juices, U. S, Dept. Agric.j Bxireau of Plant Industry, Bull. ^38, 1912; A bio- 
chemical study of the curly-top sugar beets, ibid., Bull, 277, 1913;OxidsLse3 
in healthy and in curb^’-dwarf potatoes, J, Agric. Research, 1914, ii, 373. 

® McClendon, J. F., Hydrogen and hydroxyl ion concentration in 
physiology and medicine, Med. Review of Reviews, 1916, xxii, 333. 
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esses by Sorensen.** It has been known for some time that the 
color reactions assigned to the presence of oxidases are interfered 
with by small quantities of acids, alkalies^ and poisons.® 

The writer undertook to study the oxidase activities of various 
plant tissues in different hydrogen ion concentrations. It was 
felt that such a study would not only throw some light on the 
nature of the ^^acid effect,^’ but would also furnish us with further 
data on the comparative behavior of the oxidases from different 
sources. 

Methods, 


(а) Preparation of Plant Afaima^—Immediately after collec- 
tion the plant tissues were placed in a vacuum desiccator and dried 
over lime. By frequently exhausting the desiccators it was possi- 
ble to effect fairly rapid drying. The dried material was finely 
ground and passed through a 100 mesh sieve. When, after re- 
peated sifting and regrinding of the remainder, about 90 per 
cent of the material had passed through the sieve, the two parts 
were intimately mixed. The samples were preserved in desic- 
cators over lime. 

(б) DeteTTninaiion of Oxidase Activity , — ^These detenninations 
were made with the simplified apparatus® in the usual way. 
There were no facilities available at this time for the determina- 
tion in the constant temperature room of the laboratory. During 
the summer months it was practically impossible to maintain 
the temperature constant within one of the small boxes b ow 
35°C. For this reason the measurements of the oxidas® 

were carried out at room temperature and the temperature 
recorded to 0.1°C. at the time of each reading. The fina 
ings were corrected at the beginning of the experiment, accor 
to the following formula: 


B = 76 




~ ~ ~ ~ ^ 

* Sorensen, S, P. L., Enzymstudien. II, Biochem- 2., 1999, ^ 

201; 1909, xxii, 352. Tam^k 4tli 

^For literature see Oppenheimer, C., Die Fennente, n p 

tion, 1913, ii, 796. ^ j 

« BunzcU, A simplified and inexpensive oxidase apparacu » 


1914, xvU, 409. 
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In the formula R\ and Ti are the observed final reading and the 
temperature of the box at the time of reading in degrees absolute 
temperature, while R and T are the corrected reading and the 
temperature of the box in degrees absolute temperature at the 
beginning of the experiment. 

(c) Hydrogen Iqn Determinations . — ^The hydrogen ion determi- 
nations were made according to the gas chain method. 

A. Wolff potentiometer 'was used with, a Siemens andHalske galvanom- 
eter. The latter produced on application of 1 microvolt to the ter- 
minals a deflection of 4 mm, on a scale about 1.5 m. distant from the mir- 
ror. A Weston standard cell was used, calibrated at the beginning of the 
detenninations by the makers and at the end by the National Bureau of 
Standards. The potentiometer readings were made to 0.0001 volt at 5 
minute intervals, and the values considered final when two successive 
readings agreed to 0.0002 volt. In most cases they agreed to 0.0001 volt. 
A 0.1 N calomel electrode was used in these experiments which was at 
times compared with another 0.1 eslomel electrode, but more frequently 
with the potential of a hydrogen electrode immersed in a standard ace- 
tate solution.’ In the first comparison the agreement was to 0.0001 volt; 
in the second, the values for were from 4.618 to 4.631 at different times 
during the period of experimentation. The liquid connection was made 
through an ungreased stopcock as recommended by Clark,® and a vessel 
containing 0.1 n KCl was interposed between the 0.1 N calomel electrode 
and the vessel containing the saturated KCl solution. Two bent tubes 
filled with 0.1 N KCl established connection between the calomel electrode 
and the intermediate vessel on the one hand and the intenfiediate vessel 
and the saturated KCl solution on the other. 

After introduction of the liquid into the hydrogen-filled vessel, the 
latter was shaken at the rate of sixty-eight excursions per minute. The 
shaking machine designed in the laboratory® proved ideal for this pur- 
pose. The shaking was continued for 10 minutes, then the^ shaking ma- 
chine was stopped, all stopcocks were opened except the ungreased stop- 
cock connecting the saturated KCl solution with the hydrogen electrode 
vessel, and a reading was made. 

(d) Maintenance of Constant Temperature .r— For all the experiments 
described in this paper, as well as for similar experiments in the future, a 
small room 11 feet long, 5§ feet wide, and 7^ feet high was construct^. 


^ Walpole, 0. S., Hydrogen potentials of mixtures of acetic acid and 
sodium acetate, /. Chem. Soc.f 1914, cv, 2501. 

8 Clark, W. M., A new hydrogen electrode vessel, /. BioL Ckem,, 1915, 
xriii, 475. 

® Bunzeli, U. S. Dept. Agric., Bureau of Plant Industry, Bull. B38, 1912, 
17. 
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It is fairly well insulated, provided with a double glass window on one end 
and an entrance through a small antechamber on the other. Within 
this room there is another separate compartment as long as the room 
itself, to which access can be had by means of four glass doors. The tem- 
perature in the main chamber in which the experimenter works is con- 
stant within a few tenths of a degree; that in the separate compartment, 
within one-tenth. The temperature of the main chamber is about 0.5®C. 
below that of the special compartment, so that when one of the glass doors 
is opened temporarily no marked change in temperature takes place in the 
smaller compartment. There is a separate cooling coil running the length 
of the ceiling of the main room as well as of the smaller compartment. 
Water is circulated through these coils to cool the air below the tempera- 
ture desired. 

In summer the water is cooled in a specially constructed ice box built 
into the constant temperature room. The rate of circulation is regulated 
by means of valves at the outflow. By means of fans the cooled air is 
blown over heating wires and lamps, and the current through these auto- 
matically regulated by means of relays and thermoregulators. Hassel- 
bring's modification of the Bunzell and Hasselbring'® thennoreguiator is 
used. The temperature of the box is set for a temperature of 25~26‘’C. 

(e) General . — ^The general plan of experimentation was as fol- 
lows : The oxidase activity of the particular plant material toward 
the reagent (pyrocatechol was chosen for all of these experiments) 
was determined at different concentrations of hydrogen ions, h 
the data obtained were not of such a nature as to give a satisfac- 
tory curve, additional experiments were made wherever possible. 
Even so, ,the data are not sufficiently numerous to give the 
any real value except at the points of intersection with the a 
scissas. , 

Each oxidase determination was made in duplicate ano^ 
mean values are given in all cases. The various concentraho^ 
of hydrogen ions desired could be fairly closely approximate 
means of acetic acid — sodium acetate mixtines, 0.1 n acetic ac ^ 
0.01 N acetic acid, and O.Ql n HCl. 4 cc. of the solutions feng 
hydrogen ion concentration were used with 2 cc. of a • 
cent pyrocatechol solution. The plant material was c 
such quantities as to give a final reading of about 3 ^ j Jp 

cury. The plant material with the acid solutions yro- 

the larger compartment nf the oxidase apparatus, and e ^ 

10 Bunzell, H. H., and Hasselbring, H., A t^erino-regukto^ 
cally regulated constant temperature chambers, j . ^ 

xxxvi, 249. 
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catechol solution in the smaller. It was essential to work swiftly 
in order to eliminate appreciable deterioration of the plant mate- 
rial in the acid solutions. For the determinations of the hydro- 
gen ion concentrations, four times the quantity of the materials 
used in the oxidase measurements were taken. The solutions 
proper were allowed to stand in the constant temperature room 
for about | to 1 hour to assume the temperature of the latter, 
and the plant powder was added just prior to the introduction of 
the mixture into the electrode vessel. In this way only the ini- 
tic.1 hydrogen ion concentrations were determined. When the 
mixture examined consisted merely of plant material, pyrocate- 
chol, and water, no definite value was obtained at once and the 
potential drifted toward an approximate (slightly fluctuating) end- 
point. In these cases it was assumed that the of the solution 
changed during the measurement. T ) get at the original values, 
curves were plotted with the times on one axis and the potential 
difference values on the other, and the potential difference exist- 
ing at the beginning was obtained by interpolation. 

EXPERIMENTAL. 

0.01 gm. of the pyrocatechol was used in all these experiments 
in the form of 2 cc, of a 0.5 per cent solution. The solutions 
used for obtaining the desired hydrogen ion concentrations were 
used in quantities of 4 cc. 

To be able to compare the oxidase activity of a certain plant 
material at a fixed hydrogen ion concentration, with its activity 
at a different hydrogen ion concentration, it was necessary to 
choose some standard of comparison. The activity in aqueous 
solutions containing merely pyrocatechol and the plant material 
was chosen as such a standard. Moreover, since it is unneces- 
sarily laborious to adjust the quantities of plant material in such 
a way as to obtain the same activity in such nearly neutral solu- 
tions with all samples of the same type of plant material, the 
following procedure was adopted. The imaginary quantity of 
plant material chosen for each series was such that in the absence 
of acid mixtures a maximal absorption of about 3 cm, was pro- 
duced. On the basis of previous work^^ together with experi- 

Bunzell, The mode of action of the oxidases, J. Biol. Chftm., 1916, 
xxiv, 91. 
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TABLE I. 


Material. 

Solution. 

Final 

read- 

Cor- 

rected 

read- 





ing. 

ing. 




Series I. Initial temperature of the constant temperature box, 26®C.; 
final, 26.2^ 



1 «• 1 





0.10 gm. of fine pow- 
der of dried pota- 

ISnHCjHjOj 1 
2 N NaOH j 


0 

0 

3.661* 

2.18x10-' 

to peel. 






a 

15nHCiH,Oj 1 
10 N NaOH J 

1 

L05 

1,10 

4.895* 

1.27x10-* 

i( 

S.SnHCjHjOjI 
8 N NaOH J 

[ 

1.60 

1.65 

5.851* 

1.41x10-* 

u 

9 N HjPO, ' 
15 N NaOH j 

1 

2.07 

2.12 


1.25x10-* 


Series II. Temperature throughout, 24.9°. 


.01 gm. of fine pow- 
der of liriodendron 
buds, with two 
coats of scales re- 
moved. i 

N HCaHjOz 

0 

0 

2.428 

1 

j 

O.SnHCjHsOs 

0.12 

0.12 

2.631 

i( j 

O.InHCjHjOs 

0,87 

' 0.87 

8.088 

« 1 

HjO 

2.85 

2.85 

5.897t 


3.73x~1(P 


2.34x10-* 
S. 17x10-* 
1.26x20-* 


Series III. Initial temperature, 26°; final, 26.2°, 


0.02 gm. of fine pow- 

N HCjHaOs 

0.60 

0.65 

2.428 

3.73x10-* 

der of dried lirio- 
d e n d r 0 n bud 






scales. 

<c 

O.SnHCzHsOj 

O.InHCsHsOs 

0.60 

0.80 

0.65 

0.85 

2.724 

S.211 

i.saxio-* 

6.15x10-' 


HjO 

3.27 

3.32 

5.897 

1 . 26 x 10 -* 


♦ These values are copied from Series VI, since ther^ was not sufBcie 


plant material available for the determinations, 
t Copied from Series III. 
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TABLE X---Coniinned. 


Material. 

Solution. 

Final 

read- 

Cor- 

rected 

rood- 

Pn 




iug. 

jng. 



Series IV. Initial temperature, 24.5“; final, 24°. 

0.02 gm. of fine pow- 

cc. 

0.1 N HCl 


0 

1.203 

6.27x10-* 

der of dried Virio- 
d e n d r 0 n bud 
scales. 







N HCaHjOj 

0.45 

0.32 

2.521 

S.OlxlO-^ 

<c 

6 nHG.HsOj'I 

4 N NaOH / 

2.37 

2.25 

4.912 

1.22xl0-‘ 

(t 

HiO 

2.80 

2.68 

5.897 

1.26xI0~* 

Series V. Initial temperature, 23 

°; final, 23.1°. 


0.02 gm. of fine pow- 

0.05 N HCI 

0 


1.431 

3.71x10-^ 

der of dried lirio- 
d e n d r 0 n bud 
scales. 

1 





i 

9 N HCiHaOj \ 

1 N NaOH / 

1.62 

1.65 

3.692 

2.03x10-^ 

tt 

8.5 N HC^HsOs 1 
8 N NaOH J 

3,17 

3.10 

5.954 1 

1.01x10-^ 

It 

H 2 O 


3.42 

5.897 

1.26x10-^ 

Series VI,* Temperature throughout, 25°. 

0.05 gm. of the pow- 
dered potato ma- 

9 N HCiHjOg ) 
1 N NaOH / 

0 

0 

3.661 

2.18x10-^ 

terial which pass- 
ed through the 
sieve. 






« 

6 N HCjHsOj "1 
4 N NaOH / 

0.80 

0.80 

4.895 

1.27xl0-‘ 

(C 

8.5nHC2H,o4 
8 N NaOH / 

1.42 

1.42 

5.851 

1.41x10'^ 

It 

H 2 O 

2,65 

2.65 

6.176 

6.67x10-* 


♦The material used for Series VI was prepared as follows: Market 
potatoes were washed and wiped dry; they were then peeled and the peel- 
ings dried m vacm over lime. After grinding in a small mill and sifting 
through a 100 mesh sieve, most of the material passed through^ On micro- 
acopic examination this proved to be mainly starch; the residue was mainly 
cortex. The two portions were examined separately. In this series the 
finer powder (mostly starch) was examined. The microscopic examina- 
tion was made by Dr. H. Hasselbring, and my thanks are extended to him 
herewith. 
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TABLE l-^Continxied. 


i 

Material. j 

1 

Solution. 

Final 

read- 

Cor- 1 
rected i 
read- j 


Cb 

1 


ing. 

ing' 1 




Series VIL* Initial temperature, 24®; final, 24.1®. 


i 

cc. j 





0.05 gm. of the pow- 
dered potato ma- 

9 N HCjHjOj \ : 
1 N NaOH J i 

0.05 1 

0.05 j 

3.570 

2.69xl0-‘ 

terial which did 
not pass through 
the sieve. 






({ 

6 N HCiHjO; "1 

4 If NaOH J 

2.25 

2.27 

4.875 

l.SS-dO-* 

<t 

8.5n HC.HjO. \ 

8 N NaOH J 

3.05 

3.07 

; 5.827 

1.49x10-* 

ft 

' H,0 

' 3.95 

3.97 

' 5.905 ' 

1.24x10-* 


Series VIILf Initial temperature, 24®; in Experiments 3 and 4 the fins! 
temperature 24.3®, and in Experiments 5, 6, 7, and 8 it was 24.S°. 


0.05 gm. of fine pow- | 
der of Tulip A. 

(C 

N HCiHjOj 

9 N HCiHjO: 1 
1 N NaOH J 

1 



2.822 

j 

1.51x10-* 

ft 

8.5 N HCjHsO. 1 
1 S N NaOH J 

[ 

2.22 

2.42 

i 

1 5.969 

1.07x10-* 

i 


! H,0 




5.939 

1.115x10-* 


Series IX. Initial temperature, 26.2®; in Experiments 1 and 2 theBnt^ 
temperature was 26.4®, in Experiments 3 and 4, 26.7°, and in Experiments 
5, 6, 7, and 8, 27®. 


0.05 gm. of fine pow 

der of Tulip A. 

€< 

fS 

« 

* In Series VII the material used was that which, after thorough grind 
ing in a mill, did not pass through the 100 mesh sieve. . 

t Tulip tree leaves were collected from a tree at Arlington m ^ulip 
1915. This sample will be referred to as Tulip A in {his 

B, denoting leaves collected from the same tree in June, 1916. i 
tree all samples of tulip tree material used in these investiga i 
collected.) 

t Copied from Series X. 


0.5 N HCsHiOs 


10 
2 
9 
8 
H-0 


K HCsHjO;) 
K NaOH / 
K HCjHaO 
N NaOH 


j 

1 


0.35 

0.75 

2.27 

2.65 


0.40 

0.88 

2.47 

2.85 


4.0l3t! 


5.939 


9.70x10^ 


1,15x10- 














TABI«E l^--€oniinued. 


Material. 


Solution. 

Final 

read- 

1 Cot- 
j rected ] 
1 read- 1 

Pb 

Ca 


ing. 1 

1 

1 ing. 




Series X. ImlU temper.tere, 28.3-; ie L'jl J'S’ 


0.05 gm. of fine pow- 
der of Tulip B.* 


CC, 

N HCiHjOj 
10 N HCjHjOj 

2 N NaOH 
SnHCjHjOj 
4 N NaOH 
H,0 


0.12 

0.17 

2.838 

1.45x10“’ 

0.95 

1.07 

4.013 

9.70xl0~‘ 

3.15 

i 

3.27 

5.218 

6.05x10“® 

3.C5 

3.77 

6.939 

1.15x10“® 


Series XI. f Initial and final temperatures in Experiments 1 and 2, 24.1" ; 
in Experiments 3 and 4 the final temperature was 24.4°, and m Experiments 


5, 6, 7, and 8 it was 24.8°. 


0.03 gm. of fine pow- 
der of dried potato 

9 nHCsHjOsV 
1 N NaOH j 

0.12 

0.12 

3.736 

1.84x10“® 

sprouts. 

6 nHCzHsOsI 





({ 

1.42 

1.50 

4.915 

1.22x10“* * * § 

4 N NaOH j 

tc 

\ 

8.5NHC2H3O2I j 
8 N NaOH J 

1.82 ’ 

1.99 

5.926 

1.19x10“® 

1.20x10-® 

tt 

H2O 

2.20 

2.37 

5.922 


Series XH.t Initial temperature, 25.1°; final temperature, 25.5° in all 
of the experiments. 


0.05 gm. of fine pow- 

9 N HCsHsOj 'I 

0,70 

0.80 



der of dried mag- 

1 N NaOH j 




i 

nolia leaves. 




1 



6 nHCiHsOs^ 

1.55 

1.65 

4.834§; 

1.31x10“® 


4 N NaOH / 





u 

8.5KHC2H3O2 

2.32 

2.42 ^ 



C( 

HsO 

2.20 

2.30 

5.710 

1.95x10“® 


* For further description of this material see note to Series VIII. 

t Potatoes bought in the Fall of 1915 were allowed to sprout in the 
laboratory. The sprouts were removed and dried in a desiccator in vacuo 
over lime. Some of the mother tubers were cut into thin slices and treated 
in the same way. The material obtained from the mother tubers proved 
to be inactive and will not be referred to further in this paper. 

} Magnolia leaves and flower petals were collected from a tree on the 
Department grounds in June, 1915. 

§ On account of lack of material this determination had to be made 
with 1916 magnolia material. This seems justified by the fact that nearly 
equal results are obtained under such circumstances. For instance, where 
1915 leaves with 0.10 HCiHiOi gave a Ph of 3.382, 1916 leaves gave 3.453 
under identical conditions. 
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TABLE l^oniinucd^ 


itatcHoJ. 

1 

Solution. j 

Final 

read- 

Coi^ 

reeled 

read- 

j 

1 



] 

ing. 




Series XJIL Initial temperature, 25»8®; final, 25,9® in all of the cx' 
periments. 



cc. 


■ 



0.05 gm. of fine pow- j 
der of dried mag- | 
nolia leaves, | 

N HC 2 E 3 O 5 

j 

0 ' 

! 

0 

2,632 

1 

! 3.382 

I 2.33.vl0“‘ 

ti 1 

O.lNHCuBtOi j 

0,55 j 

0.58 

1 

4.15x10-' 


Series XIY. Initial temperature, 24,5®; in Experiments 1> 2, 3, and 4 
the final temperature ivas 24,2®, and in Experiments 5, 6^ 7, and B, 


0.02 gm. of fine pon- 
der of dried mag- 
nolia flower petals 
collected simul- 
taneously with 
leaves (Series XTI 

and xrri), 

t€ 

tt 


(f 


N HCjHjOs 

O.JO 

0.02 

2.567 

2.71x10'^ 

O.InHCiHiOi 

' 0.40 

0.32 

' 3.314 

' 4.85.X10'' 

6 nHC5 H,0,\ 

4 N NaOH / 

1.67 

1.57 

4.926 


H,0 

2.32 

’ 2,22 

[ 

5.263* 

5.46x10-" 


Series XV, t Initial temperature, 26.5®; in Experiments 
the final temperature was 27®, and in Experiments 5, G, 7, and 8, 2 . 


0.02 gm. of fine pow- 

N HCjHsOs 

0.15 j 

0.28 ; 

2.497 ^ 

3.19.X10'' 

der of dried mag- i 

nolia leaves (1916). 
</ 

! 

O.lKHCjHiOi j 

'1,17 

1,29 

1 

3.186 

6 .S 2 .VI 0 '' 

tf 

^ 6 KHC5H505\ 

I 2.47 

; 2.61 

; 4.SS4 

1.31x10-’ 

u 

.} 

4 N NaOH J 
H 3 O 

i 3.40 

[ 

; 3.84 

^ S.39S 

4.00x10-* 


♦ See second note to Series XIL 15 ^ 

t Magnolia leaves, flower petals, and stamens 
1916, from the same tree which furnished material for the loreg 
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TABLK l-^Concluded. 


Material* 


Solution. 

Final 

read* 

xng. 

Cor* 

reeled 

read- 

ing. 



Series XVI. Initial temperature, 27,7*^; in Experiments 3 and 4 the 
final temperature was 2S.1®, and in Exparimenfcs 5, 6 , 7, and 8 , 2S*2®. 


0.01 gm. of fine pow- 

cc. 

N HCiHsOs 

0 

0 

2.489 

3.24x10-= 

der of dried mag- 
nolia flower petals 
(1916). 

a 

O.InHCzHjOs 

0.45 

0.55 

3. 298 

5.04xl0-» 

tt 

6 NHC 2 H 3 O 2 I 

1.20 

1.32 

4.892 

1.28x10-= 

a 

4 N NaOH / 
H 2 O 



5.263 ! 

1 

5.46x10-* 


Series XVII. Initial temperature, 27.2°; in Experiments 1, 2, 3, and 
4 the final temperature was 27.2°, and in Experiments 5 , 6 , 7, and 8 , 28.0°. 


0.01 gm. of 

dried 

N HCjHiOi 

0 

0 

2.508 

3.10x10-’ 

stamens 

from 





1 

magnolia 

(1916). 

flowers 








O.INHC2H3O2 

0 

0 

3.083 

8.26x10-“* 

(( 


6 N HC 2 H 3 O 2 \ 

4 N NaOH / 

1.35 

1.55 i 

4.890 

l, 29 xl 0 -« 

(( 


H2O 

1.7D 

1.90 

5.545 

2.S6xlO~® 


ments described in Series XVIII and XIX, it was possible to 
calculate what the maximal oxygen absorption would be in all 
experiments of a series if the quantities of plant material used in 
each experiment would give an absorption of exactly 3 cm. in a 
neutral solution. 

The great advantage of this method of comparison will be 
evident later on when the comparative activity of the same mate- 
rial in different hydrogen ion concentrations will be represented 
by curves. 

To test whether the maximal absorption is directly propor- 
tional to the quantity of plant material used in distinctly acid 
solutions, as was found to be the case in neutral and nearly 
neutral solutions, the following experiments were tried. 
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table ii. 


^Tateriat 


Solution. 


xmtia 

the experiments, 24.7®. 


0.02 gm. of fine 

powder of dried 
magnolia flower 
petals (1915). 

0.03 “ 

0.02 « 

0.03 “ 


0.1 N HCsHjOj 


0.1 nHCjHjOj 
6 nHCjHsOj 
4 N NaOH 
0 nHCsH,0, 
4 N NaOH 


Final 

Cor- 

j 


read- 

ing. 

rectec 

read- 

i 1 p 
j 

Ob 

ing. 

1 


24 . 8 '’; 

[ final 

temperature in all of 

0.75 

0.72 

3.314 

1 4.85x10"' 

1.10 

l.OS 

(3.314) » 

(4.85x10-*) 

1.50 

1.48 

4.926 

1.19.X10-' 

!.50 

2.48 ( 

4.926)* I 

:i. 19x10-') 


0»05 gm. of fine sift- 
ed powder of po- 

6 N HCjHjO, ) 

4 v NaOH J 

' 1.12 

1 1.29 

4.895 

tato peel (Series 
VI). 

0.10 « j 

0.10 “ 

6 N HCjHaOj I 
4 N NaOH / 

2.50 

2.67 j 

(4.985)' 

0.05 " 

8 . 5 nHC=H,o 4 

8 N NaOH j 

3.45 

3.64 

5.851 

8 - 5 nHCiH,Oj\ 
8 nNeOH Ji 

1.62 

1.79 

(5.851)* 


' 1.27.\-I0- 

[(1.27.\10-’) 

1.4IxlO-« 

[{1.41x10-') 


gen ion “neentraSTthL?^a„"i““”^ 

lioS'Srtr f P^ove that in acid * 

tte quantity of SaSarS!^ “ aPPtomnately proportional to 

aoI(LT„“!Sf “l? '■'““’““■“‘ed on the basis that the ah- 
pt on in the assumedly acid-free mixture was 3 cm. By means 

direct proportionality the other values of the same series were 

follows*^ ' ^ ^^sults obtained in this way are summarized, bs 
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TABI-E HI. 


Material. 

O»das0 

activity. 

Pa 

Potato peel pow’^dcr, 1915 

0 

3.661 

it ..... 

1.56 

4.895 

it ........ 

2.34 

5.851 

<« . , , . . . . . W . r - T - f 

3.00 

6.902 

Potato peel poivder, 1916 (passed through sieve) 

0 

3.661 

it 

0.91 

4.895 

a 

1.61 

5M1 

tt 

3.00 

6.176 

Potato peel powder, 1916 (not passed through sieve) 

0.04 

3.570 

(( 

1.72 

4.875 

it 

2.33 

5.827 

<i 

3.00 

5.905 


0.15 

3.736 

U 

1.90 

4.915 

<c 

2.52 

5.926 

« 

3.60 

5.922 

Scaled tulip tree buds, 1916 

0 

2.428 

u 

0.13 

2.631 

it 

0.92 

3.088 

tt 

3.00 

5.897 

tt 



1 0.59 

1 2A2B 


0.59 

2.724 

« 

i 0.77 

3.211 

It 

! .3.00 

5.897 

<1 

0 

1.203 


0.86 1 

2.521 

<t ^ ^ 

2.52 

4.912 

tt ^ 

3.00 

5.897 

a 

0 

1.431 

tt 

1.'45 

3.692 

<( 

2.80 

5.954 

tt 

3.00 

5.897 

Tulip tree leaves, 1915 

0 

2.822 

tt 

0.47 


tt 

2.64 

5.969 

it 

3.0Q 

5.939 

tt 

0.42 


tt 

0.93 

4.013 

« 

2,60 


tt 

3.00 

5.939 

Tulip tree leaves, 1916 . 

0.14 

2.838 

ti 

0.85 

4.013 

tt 

2.60 

5.218 

it 

3.00 

5.939 
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Oxidase Activity of Plant Juices 





Fig. 3. Curves showing the relationship existing between Ph 


dase activity of different magnolia material. 


other aromatic compounds acting as good oxidase reagents are 
oxidized by atmospheric ox^’^gen at a measurable speed in wea 'J 
alkaline solutions; it would therefore be impossible, with ^ 
present stage of technique, to differentiate between the effect ue 
to the alkalinity of the solution and that due to the oxidase ac 


tivity of the plant material. ^ , 

The experiments are not sufficient in number to establish c ear 
the quantitative relationships existing between the extent o 
oxidase activity of a plant material and the concentration 
hydrogen ions existing in the medium. When this 
is worked out it will be found no doubt to consist of at leas 
factors; one the direct destructive effect of the acidity on e 
tive matter, the other the retardation of the rate of oxida ion 
the hydrogen ions. It should not be difficult to separa c 
two factors. A study of the behavior of different reagen s 
identical conditions will also throw light on the qu^tion 
identity of the factors underlying the biological oxidation 


ferent oxidase reagents. ^ + om'nteresting 

The experiments already made seem to bnng ^ .jence, 

point, which, if thoroughly corroborated^ by 
would prove important from the plant P * ^ 

If Figs 1 2, and 3 are examined, it appears that the y 
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ion concentrations corresponding to complete inhibition cover a 
rather narrow range for each type of plant materials; i.e., for potato, 
no matter what kind of potato material was used, all inhibiting 
hydrogen ion concentrations range from 3.55 to 3.70. For the 
tulip tree material, whether scaled buds, scales, or leaves were 
used, the range Ues very much higher, between 2.30 and 2.80. 
In the case of magnolia the range is 2.45 to 3.05, not much dif- 
ferent from the tulip tree. This seems significant. It would indi- 
cate that the sensitiveness to acidity of all the oxidase factors 
throughout the same plant is approximately uniform; moreover, 
since different specimens of the same genus, collected at different 
times of the year, were used, it would indicate also that the acid 
sensitiveness figure is a rather fixed number, characteristic for any 
particular genus. It would even seem that the acid sensitiveness 
constant is the same or nearly the same for different genera (tulip 
tree and magnolia) of the same family (Magnoliaceae). 

It would seem, therefore, that the nature of the material which 
is responsible for the phenomena of oxidase activity is identical 
in closely related plants. It has already been suggested in a pre- 
vious paper^^ that the oxidase activities exhibited by certain plant 
tissues are due to the presence of a certain class of colloids of a 
chemical nature or physiochemical state peculiar to the particu- 
lar genus or family of plants in which they occur. If the Observa- 
tions recorded in this paper are fully corroborated by future ex- 
periments, we should have a strong support for such a hypothesis.^® 

On account of the wide occurrence of oxidase activity among 
plants, it is to be expected that some widely occurring constituent 
lies at the bottom of it. At the present time we do not know 
what that is. From what we know about the mode of oxidase 
activity, this constituent is easily destroyed by acids, by chemical 
means such as shaking, by heat, or by alcohol; it gradually changes 
to an inactive form on standing in aqueous solutions, but will 
keep practically indefinitely when dry. Such a constituent would 
have to be of rather universal distribution in plants and would have 
to occur in many different modifications in order to result in the 

** Bunzell, The relative oxidase activity of different organs of the same 
plant, J. Bioh C/iem., 1916, xxiv, 103. See also Traube.^® 

The effect of acids on colloids is clearly discussed by W. W. Taylor, 
The Chemistry of Colloids, London, 1915. 




A HITHERTO NEGLECTED FACTOR AFFECTING THE 
DETERMINATION OF MINUTE QUANTITIES 
OF CREATININE, 


By ANDREW HUNTER and W. R. CAMPBELL, 

{From the Department of Pathological Chemistry^ University of Toronto.) 

(Received for publication, October 28, 1916.) 

The determination of blood creatinine, whether according to 
the original technique of Folin^ or to some modification iden- 
tical in principle,^ has become so much a matter of clinical 
routine, and has been so generally accepted as a valuable labo- 
ratory aid to diagnosis and prognosis, that it is, to say the least, 
discouraging to learn that the method ‘Ogives no information 
whatever concerning the amount of creatinine present” in the 
blood. This, nevertheless, is the conclusion reached in a recent 
paper by McCrudden and Sargent.^ The essence of their argu- 
ment is found in the assertion that in an average blood analysis 
as much as five-sixths of the color upon which the determination 
is based may be due merely to sodium picrate; and the assertion 
is supported by what at first sight appears to be sufficiently 
convincing evidence. Fortunately it is possible to show that 
the evidence may be in itself a correct statement of facts ob- 
served, and the conclusion none the less totally unjustified. 

Like McCrudden and Sargent, we encountered recently, in 
a series of blood creatinine determinations, a number of irregu- 
lar and indeed incredible results, which for a time seemed to us 
irreconcilable with any claim of accuracy that might be made 
for the method. Since, however, our earlier results had been 
both reasonable and consistent, it seemed to us, on consideration, 


^ Folin, 0., J. Biol, Chem., 1914, xvii, 475. 

* Such as that described by Myers, V. C., and Fine, M. S., Chemical 
Composition of the Blood in Health and Disease, Cooperstown, N. Y., 
915, p. 19. 

» McCrudden, F. H., and Sargent, C. S., J. BioL Ckem., 1916, xxvL, 527 
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that the unacceptable character of the later ones must be due 
not to an intrinsic worthlessness of the method, but to some un- 
recognized disturbing factor associated somehow with the lapse 
of time. An investigation of the circumstances revealed the cor- 
rectness of this suspicion and restored our confidence in the 
method; and, as we believe that McCrudden and SargenVs 
difficulties are to be explained in the same manner as our own, 
and may possibly have been encountered by others, we think it 
proper to publish now an account of our experience. 

It may be stated at once that the cause of our anomalous 
results was found to lie in the circumstance, not previously noted 
or at least not previously commented on, that the successful 
determination of minute quantities of creatinine is possible only 
when all the picric acid solutions employed are reasonably fresh. 
In what follows the essential character of this condition will be 
amply illustrated, and it will be shown that, while failure to 
observe it would account for the results of McCrudden. aiid 
Sargent, a due attention to its fulfillment confers on the method 
a highly satisfactory*degree of accuracy. 

The Color Reaction of Fresh Picric Acid Solutions ^D^th Sodium 

Hydroxide. 

When a freshly prepared picric acid solution is treated with 
sodium hydroxide, the color of the mixture deepens regular y 
as the amount of the alkali is increased. This fact, which wa^ 
recognized by Folin^ and which indeed cannot have escape ^ 
attention of anyone who has attempted to check the met o ^ 
constitutes the reason for insisting upon the use in crea i 
determinations of a constant and accurately 
tity of sodium hydroxide. If, now, the proportions ^ ^ ^ 
reagents are those prescribed in work with blood, ' 

10 per cent NaOH to 10 cc. of saturated picric acid, t e 
of the mixture, which is now a slightly alkaline soluti^ o 
picrate, is hardly to the unaided eye appreciably differen 
that of the picric acid solution itself. It does not riva^^ 
tensity that developed in a standard solution contammg 
as 0.02 mg, of creatinine in 10 cc. of saturated picric aci ^ 
ful comparison in the colorimeter does indeed show 
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solution to be distinctly deeper in hue than the picric acid; but 
it is still, by actual taeasurement, two and a half times less highly 
colored than the very dilute creatinine solution mentioned* 
Figures justifying these statements will be found among the 
data of Table I, to be referred to presently. They are obviously 
irreconcilable with the contention of McCrudden and Sargent, 
that the color of sodium picrate itself is so intense as to over- 
shadow completely the Jaff6 reaction in an average specimen of 
blood.^ 

The Color Reaciion of Old Picric Acid Solutions with Sodium 

Hydroxide^ 

Solutions of picric acid which have stood for any length of 
time in the laboratory exhibit a behavior very different from 
that of fresh solutions.® Apparently they always contain more 
or less of some substance which gives with sodium hydroxide, 
in the regulation amount, a color reaction not only identical 
with that of creatinine, but on occasion so powerful that it would 
entirely mask the simultaneous presence of the latter. The 
development of this chromogenic substance is illustrated by the 
behavior of the following series of variously aged picric acid 
solutions. 

* McCrudden and Sargent calculated that, gram for gram, creatinine 
gives a color only 500 times as intense as picrate. Their argument starts 
from the observation that solution containing 0.12 gm. of picric acid 
and 0.25 mg. of creatinine in 10 cc, gives approximately twice as deep a 
color as a solution containing 0.12 gm. of picrate alone in 10 cc.'* An in- 
spection of our Table III will show that when the picric acid is freshly 
dissolved, the amount of creatinine which will just about double the color 
of 10 cc. of saturated picric acid is only 0.015 mg. Starting from this 

120 

basis it would follow that, gram for gram, creatinine gives rTri «= 8,000 

0.015 

times as much color as picrate. 

^ The picric acid which we employ is furnished by one of the best 
known American manufacturers. The only specimen in our possession 
having possibly a different source is the one mentioned in the text as be- 
ing over 2 years old; this had probably been imported from Germany- 
Strictly speaking, our observations apply in the meantime only to these 
two brands of the reagent; it is, of course, possible that they are to be ac- 
counted for by some impurity from which other samples might be free. 
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1. A saturated solution, 18 days old, which had been exposed since its 
preparation to the diffuse light of the laboratory. 

2^ A saturated solution of similar history, but 1 month old. 

3. A 1 per cent solution, 2 months old, which had been kept in the dark 
since its preparation. 

4. A portion of the previous solution which had been exposed during 
1 month (Aug, 20 to Sept. 20) to the practically continuous sunshine of the 
daylight hours. 

5. A saturated solution, known to be approximately 6 months old, kept 
in a rather brightly illuminated room, but not subject to the action of 
direct sunlight. 


6. A saturated solution, regarding which it could be stated with cer- 
tainty only that it was at least 2 years old ; it has stood dn a window shelf 
exposed to all the sunlight of the morning hours. 

7. A fresh saturated solution of the purified picric acid obtained from 
Solution 6 by evaporation and double recryatallization. 

To each of these solutions there was added 10 per cent sodium hydrox- 
ide in the proportion of 5 cc. per 100, and after an interval of 10 minutes 
they were compared one by one with a fresh picric acid solution of simi- 
lar concentration (saturated or 1 per cent as the case might be) which 
had been likewise treated with the specified amount of alkali. This we 
shall refer to as the sodium picrate standard. The standard was set 
each time at a depth copvenient for the particular comparison in hand. 
The data obtained are shown in Table I. There are included in this table, 


as justification for certain statements in the preceding section of the 
paper, colorimetric comparisons, with the sodium picrate standard, of 
two additional solutions — a freshly made solution containing 0.2 mg. of 
creatinine in 100 cc. of saturated picric acid treated with the proper amount 
of alkali (Solution 8), and a fresh picric acid without any addition of so- 
dium hydroxide (Solution 9), The unit employed in calculating the rels- 
tive depth of color is always the color of the standard sodium picrate o 
equivalent concentration. The last column of the table is an attemp 
to describe roughly the intensity of the reaction as it appeared to t e 
unaided eye. Each figure of the fifth column is an average representmg 


from three to five experiments. . . 

We do not claim for the figures of Table I more than an 
accuracy. There are several reasons for this. One is that with the ig 
shades of yellow very close duplication of readings is difiicult of a ai 
raent. The darker solutions, on the other hand, do not, even in tmn 
exactly match the tint of the sodium picrate, and do not within 10 
reach their maximrim intensity. The figures do nevertheless 
kind of numerical expression to the striking differences percep i ^ 
the eye, and reveal also the slighter degrees of color change w 
eye might fail to detect. It will be seen at a glance that the older 
acid solution is, the deeper color it yields upon „ ;g per- 

hydroxide. Even within 18 days the effect of exposure m solutioi 
ccpUble. Solution 5, a month old, would be obviously useless 
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TABLE I. 

Comparison of Picric Acid Solutions of Different Age and History. 


Solu- 

tion 

No. 

1 Age oi 
solj^tioD. 

Character of light 
to which 
it was exposed. 

Stand- 
ard 
Bet at. 

1 

Read- 
ing of 
solu- 
tion. 

Relative 
depth 
of color. 
(Sodium 
picrate 

Appearance as 
compared with untreated 
picric acid. 

1 

18 days. 

Diffuse. 

H 

mm. 

16.6 

1.2 

Very slight change. 

2 


u 

Bl 

22,3 

1.3 

it 

3 

2 “ 1 

Dark. 

30 

31.6 

0.95 

1 Hardly any change. 

4 

1 » 

Sunlight. 

30 

3.8* 

8 

Striking red. 

5 

6 “ 

Diffuse. 

50 

<5* 

>10 

1 u it 

6 

2 yrs. 

Intermittent 

50 

<1* 

>50 

1 Extremely deep 

7** 

Fresh. 

sunlight. 

50 

30 

1.7 

brownish red. 
Slight deepening. 

8t 

it 


20 

8* 

2.5 

Very distinct deep- 

9t , 

it 

1 

1 

20 

87 

0.54 

ening. 


* Colors not strictly comparable. 

Re crystallized from Wo, 6. 
t Containing 0.2 mg. of creatinine per 100 cc. 
t Not treated 'with alkali. 

purposes of a blood creatinine determination; while the oldest of all gave 
a reaction of astonishing intensity. 

A point of considerable interest becomes apparent on a comparison of 
Nos. 4 and 5. These were portions of the same solution, of which the 
first had been kept for 2 months in the dark, and the second exposed to 
all the sunlight available during a month of brilliant and cloudless weather. 
Upon the addition of alkali the first did not become any darker than a 
similarly treated fresh solution; while the second developed a rich red, 
comparable to that of a normal solution of potassium bichromate. Evi- 
dently light plays an important and possibly essential part in the chemi- 
cal change which leads to the appearance of the chromogenic material. 
This material, whatever its nature, can be removed by ordinary processes 
of purification. This i? shown by the behavior of Solution 7, which con- 
tained a picric acid prepared by double recrystallization from the highly 
contaminated Solution 6. It had evidently been almost, though not en- 
tirely, freed from the reacting impurity. 

T. he color developed in the older solutions reminds one of sodium picra- 
mate; and, in fact, in order to match exactly the color of an old picric 
acid solution treated with alkali, it is sufficient to add picramic acid to 
the standard with which it is compared. Such a composite standard Was 
made by dissolving 10 mg. of picramic acid in 100 cc. of fresh saturated 
picric acid. Solutions 4, 5, and 6 were then read against this standard. 
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the last (No. 6) being first diluted four times with fresh picric acid solu- 
tion, and all (including the standard) being treated with the proper amoimi 
of sodium hydroxide. The results were the following, a perfect match 
being obtained in every case. 


Solution 4. 

“ 6 . 


Standard at 15 mm 


reading 


ff 20 ; '' 

« « U . « 


9.6 

10.0 

15.6 


From these data^ if wo suppose for a moment that the reacting substance 
might be picramic acid, it may be calculated that there were present in 
100 cc. of Solution 4, 16 mg.; of Solution 5, 20 mg.; and of Solution d, no 
less than 128 mg. These figures give a much more accurate idea of the 
relative intensity of the reaction in these three solutions than the data 
of Table I. When it is remembered that Solution 4 was only 1 per cent, 
while No. 5 was saturated (1.2 per cent), it will be seen that in reality 1 
month's exposure to sunlight had as much effect as 6 months* exposure 
to diffuse daylight. 

It is clear from the foregoing that if we were to use such a picric acid 
solution as No. 4 to precipitate the blood proteins, a subsequent attempt 
to determine creatinine in the filtrate would, if the standard were correct, 
yield an impossibly high result; while, if the standard also were made up 
with the same picric acid, the results would be of just the kind reported 
by McCrudden and Sargent; f.c., slight differences in an already lowcreftt- 
inine content would hardly affect the colorimetric values at alh 


The Deterioration with Age of Standard Creatinine Solutions 

Picric Acid. 

This leads us to remark that naturally the solutions of create 
nine in picric acid which form the usual standards in blood work 
are likewise subject to increase of colorimetric value tbroug 
age. This is well illustrated in Table II. Three standard so u 
tions were found in the laboratory which had been prepare 
months previously, and w^hich, while securely stoppered,^ a 
been in no way protected from light. They contained respective y 
0.2j 0.5, and 1.0 mg. of creatinine in 100 cc. For 
with these we prepared from a fresh picric acid solution 
other standards of the same concentrations. All were 
according to the usual technique, and compared with 
0.5 mg. standard set at 20 mm. The results appear 

Obviously the old standards are quite useless. ^ It is 
superfluous to point out again that the results which cy 
when compared with each other^ are precisely of the satn 
acter as those of McCrudden and Sargent. 
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TABLE II. 


Standard: 0,6 Mg, of Creatinine per 100 Cc., Set at 20 Mvi, 


Creatinine per 100 cc. 

Age. 

Actual reading. 

Theoretical reading. 

mff. 


mm. ' 

mm. 

0.2 

Fresh. 

43.5'! 

1 

50 

0.2 

Old. 

9.7J 

r 

0.5 

Fresh. 


i 

20 

0.5 

Old. 

6.5J 

f j 

1.0 

Fresh. 


1 

10 

1.0 1 

Old. 

5.8J 



The Actual Accuracy of the Folin Method for Determination of 
Creatinine in the Blood. 

We have brought forward evidence sufficient to show that one 
cannot anticipate even approximately correct results in the de- 
termination of blood creatinine, unless every picric acid solution 
employed, whether for the precipitation of the proteins or in 
the preparation of the standards, is at least reasonahly fresh. 
It remains to ascertain whether, when that condition is fulfilled, 
the results are actually to be depended upon. The only way to 
do so is to imitate the technique for blood by comparing with a 
selected standard each one of a series of fresh picric acid solutions 
to which known amounts of creatinine have been added. We 
have accordingly simply repeated the first experiment of McCrud- 
den and Sargent, using, however, a more extended series of test 
solutions, and taking the single additional precaution upon the 
necessity of which we have insisted. 

With the aid of a micro burette graduated in fiftieths, such as is used 
in Bang's method for the determination of blood sugar, there were meas- 
ured out 0.2, 0.4, . . . . up to 2 cc. of a 0.005 per cent solution of 
creatinine in picric acid, and these volumes were then made up to 20 cc. 
with saturated picric acid; the series was continued by taking 1.1, 
• • * - up to 2 cc., and diluting to 10. In this way were prepared 
twenty solutions containing from 0.05 to 1.00 mg. of creatinine per 100 
cc., with steps of 0.05 mg. To each was added one-twentieth volume of 
10 per cent NaOH. The solution containing 0.5 mg. creatinine per 100 
cc. was taken as the standard. After the lapse of 10 minutes each solu- 
tion was compared in the Duboscq colorimeter with the standard at 20 mm. 
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lu - - 1 j ^ j_i JLiJ 

010 015 WO 025 0.30 035 0.40 0.4S Q50 0.55 0.60 065 0.70 0.75 030 ^ K 

0500.75 101.25 151.75 2.0225 2.52.75 3.0525 35575 404.25 ^ 

Chaht 1. For use with a standard containing 0.5 mg. of 
per 100 cc., set at 20 mm. The ordinates are ooioiimeter readm| , 
tual position of which is marked by crosses. The ^ -ive the 

Of creatinine per 100 cc. (upper row of figures); the iower on 

amount of Wood creatinine corresponding. The 
a basis of inverse proportionaiity are shown by the dotte 
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The entire experiment was carried out twice. The results 
are recorded in Table III, and graphically illustrated in Chart 
I. In the latter, space is saved by omitting the extreme left 
hand end of the curve, which possesses little practical value. 

TABLE m. 


Readings, Actual and Calculated, against a Standard Containing 0.5 Mg. of 
Creatinine per ICO Cc. 


Creatinine 
solution * 

Creatiiune per 

100 cc 

Colorimeter readings 

Senes 1 

Senes 2 

Average 

Calculated 

cc 






0 0 


100** 


100 

oc 

0 1 


80** 

94** 

87 

200 

0 2 


63** 

64** 

63 5 

100 

0 3 


53 

55 

54 

66 6 

0 4 


44 

43 

43 5 

50 0 

0 5 

0 25 

36 0 

36 1 

36 1 

40 0 

0 6 

0 30 

30 6 

30 6 

30 6 

33 3 

0 7 

1 0 35 

26 6 

26 6 

26 6 

28 6 

0 8 

0 40 

23 6 

23 6 

23 6 

25 0 

0 9 1 

0 45 1 

21 7 

21 8 

21 8 

22 2 

1 0 

0 50 

20 0 

20 0 

20 0 

20 0 

I I 1 

0 55 1 

17 7 1 

17 g 1 

17 8 

18 2 

1 2 

0 60 

16 6 

16 3 

16 5 

16 7 

1 3 

0 65 

15 3 

15 3 

15 3 

15 4 

1 4 

0 70 

14 0 

14 3 

14 2 

14 3 

1 5 

0 75 

13 7 

13 7 

13 7 

13 3 

1 6 

0 80 

12 9 

12 8 

12 9 

12 5 

1 7 

0 85 

12 1 

11 9 

12 0 

11 8 

1 8 

0 90 

11 7 

11 4 

11 6 

11 1 

1 9 

0 95 

11 0 

11 1 

11 1 

10 5 

2 0 

1 00 

10 5 

10 5 

10 5 

10 0 


* Referred to a total volume of 10 cc., 

** Standard at 10 mm Actual reading multiplied by 2. 


Since McCrudden and Sargent employed the same standard 
that we did, our figures and chart, over the region duplicated, 
are directly comparable with theirs. The character of the re- 
sults is seen at a glance to be entirely different. It is readily 
understood by a reference to the chart. The average readings 
are there seen to lie without exception very close to a smooth 
curve. This curve in its middle part coincides almost exactly 
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with the calculated one, and deviates notably from the latter 
only for the smaller quantities of creatinine. The assumption 
of strict inverse proportionality between creatinine content and 
colorimetric readings would involve an error not exceeding 5 
to 10 per cent between 0.30 and 0.40 mg. per 100 cc., or 3 to 5 
per cent between 0.75 and 1.00, and in the intervening region 
one almost negligible. For smaller amounts than 0.30 mg., the 
percentage error rapidly increases. Here the influence of the 
constant sodium picrate color becomes, in relation to the dimin- 
ishing creatinine effect, increasingly prominent. This influence 
is far from being so overwhelming as in the curve of McCrudden 
and Sargent, but of course it does exist. 

If the curve is plotted upon a larger scale on coordinate paper, 
it affords a means, at once more convenient and more accurate 
than calculation, of ascertaining the true content of creatinine 
corresponding to a given colorimeter reading. If it is construct- 
ed from the user’s own observations it helps to correct any 
systematic personal bias in the reading of the colorimeter. K 
also enables one to a considerable extent to dispense with a mul- 
tiplicity of standards. With the aid of Chart 1, for instancy 
it is possible, using a single standard solution of 0.5 mg. per lOu 
cc., to cover successfully the whole range of possible creatinine 
values between 0.15 and 1.00 mg. per 100, corresponding o 
blood creatinine contents of 0.75 to 5.00 mg. per 100 cc. 

The curve can, of course, by using all the figures of the ta 
be further prolonged to the left. Certain practical difficul les, 
however, detract from the usefulness of such an extension, 
reading of 55 mm. is at the limit of the usual 
pacity; moreover, when the colored solution to be read ^ 
much feebler than the standard, its tint does not exactly ® ’ 
and it becomes almost impossible to obtain successive rw 
within reasonable range of each other; lastly, even if 
dfficulty is largely overcome by setting the standard a 
instead of 20 mm., the volume of filtrate required is grea e 
that usually available in the ordinary routine. 

»The idea of constructing such a curve in o^der to escape 
of using a standard within certain limits only has already 
hy Mellanby, E., J. Physiol, 1907-08, xxxvi, 447. 
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For the^e reasons we consider it advisable, if the blood creatinine 
is low, and especially if it falls below 1.0 mg. per 100 cc., to adopt 
a standard of 0.2 mg. per 100 cc., and we have constructed a 
curve (Chart 2) available for use with the same. This was done 
from the data of Table IV, which exhibits the readings given by 
the first ten creatinine solutions of Table III, when these were 
compared with the standard mentioned. The standard was 
again set at 20 mm. As before, two series of observations were 
made; but in this instance one set was allowed after addition of 


TABLE IV. 

Readings, Actual and Calculatedj against a Standard Containing 0,2 Mg. of 
Creatinine per 100 Cc. 


Creatinine 

solution.* 

Crea^tinine per 

100 cc. 


Colorimeter readings. 

— 

Series 1. 

Series 2. 

Average. 

Calculated. 


mg, 

0.05 

43 

40 

42 

80,0 


hseh 

32 

1 32 

32 

40.0 


BSH 

24.2 

1 23.6 

23.9 

26.7 

0.4 


20.0 

1 20.0 

20.0 

20.0 

0.5 1 

0.25 

17.2 

17.0 

17.1 

16.0 

0.6 1 

0.30 

15.3 

15.3 

15.3 

13.3 

0.7 

0.35 

13.0 

1 

13.0 

11.4 

0.8 

0.40 

11.8 

12.0 

11.9 

10.0 

0.9 

0.45 

10.5 

10.7 * 

10.6 

8.9 

1.0 

0.50 

9.4 

9.7 

9.6 

8.0 


* Referred to a total volume of 10 cc. 


the alkali, to stand for 24 hours before the readings were taken. 
It win be seen that this made no appreciable difference to the 
result. The 24 hour standard, when compared with a fresh 
one, proved also to be identical in depth of color. These faintly 
colored solutions are therefore remarkably stable, and the state- 
ment of Folin'^ that “it is possible to so make the reaction that the 
color does not fade in the course of 24 hours,” a statement made 
m connection with the technique for urinary creatinine, is fovmd 
to be equally apphcable to the case of blood. 

Table IV and Chart 2 are perhaps of special interest in that 
the standard here employed is the one recommended by Folin 

^ Folin, J . Biol. Chem., 1914, xvii, 469. 
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for use with the average sample of normal blood. According 
to Folin^*’ the readings obey the law of inverse proportionality 
so long as neither the standard nor the unknown is more than 
one and a half times as strong as the other. This would allow 
here a range of 0.133 to 0.30 mg., corresponding to 0.66 to 1.50 
mg. per 100 cc. of blood. Oxir observations show that within 
this range the relation does indeed hold fairly well, the assump- 
tion of its rigid exactness not being likely to involve an error 
greater than about 10 per cent. Obviously, however, the use 
of the curve on Chart 2 not only makes one independent of the 
correctness or otherwise of the rule, but extends greatly the re- 
gion within which the standard in question is apphcable. Re- 
sults in which one may have reasonable confidence can be read 
off the chart aU the way between 0,05 and 0.5 mg., correspond- 
ing to a blood content of 0.25 to 2.5 mg. per 100 cc. The error 
inherent in the calculation, whenever standard and unknown 
are widely different, is thus avoided, and the only serious source 
of error remaining is in the reading of the colorimeter. 

As for the general character of Curve 2, there is no question 
but that it deviates, on either side of the reference point, more 
rapidly from the calculated than does Curve 1; nor can it be 
doubted, we think, that the picrate color, here thrown into 
greater relative prominence, is responsible for this outcome. 
Since, however, the deviations are regular, and the results re- 
producible, the picture presented is still far from affording a 
justification for the utter condemnation of the method. On 
the contrary, by showing the exact nature and extent of the de- 
parture from theory, it puts the method on an even firmer basis 
than before.® 

SUMMAHY AND CONCliUSlONS. 

The action of light, with possibly other agencies, upon picric 
acid solutions results in the development of some substance 
giving a red reaction with sodium hydroxide. The presence of 

® We have not had occasion to test the applicability of Folin^s latest 
method for the determination of creatinine in urine 5 but if the evidence 
adduced in support of the technique for blood has any weight at all, it 
will apply even more strongly to the case of urine, where the quantities 
dealt with are considerably larger, and the concentration of sodium 
picrate is less. 
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this substance renders old solutions unsuitable for use in the 
determination of minute quantities of creatinine. In the de- 
termination of blood creatinine all picric acid solutions employed 
should therefore be less than a month old, or should have been 
kept since their preparation in the dark. They should in any 
case be tested before use for the presence of the chromogenic 
material. These recommendations apply not only to siniple 
picric acid solutions, but equally to the solutions of creatinine in 
picric acid which serve as standards. Indeed, for the precipi- 
tation of blood proteins it would be simplest to avoid all danger 
by following the technique of Myers and Fine,* and using only 
dry picric acid. Picric acid in solution need then be employed 
only in making up standards. The length of time during which 
solutions protected from light remain safe has not yet been as- 
certained ; but it certainly exceeds 2 months. 

When the precautions mentioned are attended to, the Folin 
method for creatinine determination in the blood possesses a 
high grade of accuracy. Its accuracy as well as its convemence 
is increased by the use of suitably prepared curves showing the 
actual relation of color intensity to creatinine concentration m'er 
a wider range than is generally’’ considered permissible with a 
single standard. Two such cuiwes are here presented, covering 
between them a range of 0.25 to 5 mg. of creatinine per 100 ce. 
of blood. 



IMPURE PICRIC ACID AS A SOURCE OF ERROR IN 

CREATINE AND CREATININE DETERMINATIONS. 

Bt OTTO FOLIN and E. A. DOISY. 

{From the Biochemical Laboratories of the Harvard Medical School and 
the Massachusetts General Hospital j Boston,) 

(Received for publication, November 8, 1916.) 

In the course of the last few months McCrudden and Sargent 
have published two critical papers on the colorimetric method 
for the determination of creatine and creatinine. Their first 
paper^ describes some seemingly simple yet convincing experi- 
ments indicating that normal human urine contains some sub- 
stance (^'x-creatine”) which gives the creatinine reaction when 
boiled with picric acid as in Folin's micro method^ for the deter- 
mination of creatine, yet gives no such reaction after heating with 
hydrochloric acid (as in the older macro method). The second 
paper^ has to do with the infiuence of the color from the sodium 
picrate in the determination of creatinine in blood and urine. 
The last two paragraphs of this paper are as follows: 

“From the data it is clear that in the determination of creatinine in the 
blood the color due to creatinine is such a small proportion of the total 
color that analysis gives no information whatever concerning the amount 
of creatinine present; the slight variations obtained in duplicates can be 
accounted for by slight variations in the amount of picric acid in the 
solution. 

In the light of these experiments it is clear that all that has been written 
hitherto concerning the physiology of creatinine and creatine needs careful 
revision; much of it will have to be modified^ some of it — all that concerning 
creatinine and creatine in the bloody for example — will have to be rejected 
altogether y 

We have repeated the work of McCrudden and Sargent with 
reference to the determination of creatine in urine and of creati- 

1 McCrudden, F. H., and Sargent, C. S., /. Biol Chem., 1916, xxiv, 423. 

* Folin, 0., J, Biol. Chem., 1914, xvii, 472, 479. 

* McCrudden and Sargent, J. Biol. Chem., 1916, xxvi, 527. 
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nine in blood, and in both instances have obtained results which 
are entirely different from the results reported by them. 
Table I, containing some calculated and experimental fipres 
taken from the second paper of McCrudden and Sargent and also 
the corresponding experimental figures obtained by ourselves, 
indicates the magnitude of the discrepancy between their data 
and ours. 


TABLE I. 


A Comparison of Calculated Colorimetric Readings with Those Obtained 
(a) by McCrudden and Sargent and (6) by Ourselves. 


No. 

a. 

b. 

Calculated- 


mm. 

mm. 

mm. 

1 

25.5 

26.6 

28.6 

2 

21.7 

24.8 

25.0 

3 

23.4 

22.3 

22.2 

4 

20.0 

20.0 

20.0 

5 

21.2 

18.2 

18.2 

6 

18.7 

16,7 

16.7 

7 

20.4 

15,7 

1S.4 

8 

18.0 

14.3 

14.3 


The differences between our results and those of McCrudden 
and Sargent manifestly lie far outside any reasonable limits o 
experimental error, and cannot be explained on the basis of some 
slight variation in the conditions under which the two sets o 
determinations were made. In the course of our endeavor ^ 
find an adequate explanation we examined the different samp e^ 
of picric acid in our laboratory with reference to 
their sodium picrates in terms of creatinine. McCrudden a 
Sargent had made such a comparisoji and had found that erea 
weight for weight, gives about 500 times as deep a 
picric acid and alkali as is given by the picric acid an 
alone. In all we examined sbc different samples of pmn 
of which four had been bought in dry form and the 
more recent wet condition in which picric acid is now 
ways sold; the sixth was a product given 

recrystallization of the sodium salt, according to dir 

below. 
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According to our observations creatinine gave about 3,000 
times as deep a color as was given by our poorest picric acid 
(the wet sample), when alkali was added exactly as in the creat- 
inine determination. Using our best, the recrystallized picric 
acid, creatinine gave about 12,000 times as deep a color as its 
sodium picrate. 

In view of the remarkably faint color of our sodium picrates 
in comparison with the color recorded by McCrudden and Sar 
gent, it occurred to us that the endeavor of American manufac- 
turers to meet the enormous demands, created by the war, for 
picric acid, may have resulted in the production of extremely 
low grades of picric acid, and that McCrudden and Sargent may 
have been using an unusually impure sample. 

We therefore communicated with Dr. McCrudden, and, with 
him, tested his picric acid and compared it with ours. The re- 
sults obtained were quite astounding, and it became at once 
clear to us, as well as to Dr. McCrudden, that the observations 
published by McCrudden and Sargent had been obtained on 
the basis of an extraordinarily impure picric acid. The results 
were so different from the results obtained with any sample of 
our picric acid that the conclusions formulated by McCrudden 
and Sargent have no bearing whatever on the results obtained 
with approximately pure picric acid. 

It remains to be said, however, that the picric acid used by 
McCrudden and Sargent was labelled c.p., and it is scarcely to 
be supposed that other investigators may not have bought and 
used for creatinine determinations picric acid of similar low 
grade. We agree with McCrudden and Sargent that any creat- 
inine or creatine determinations made on blood by the help of 
such impure picric acid would be worthless. 

From our examination of a number of different samples of 
wet picric acid we have obtained the impression that with the 
introduction of this ^'safe” mode of shipping, the manufacturers 
must have introduced some unsatisfactory change in the proc- 
ess of preparing the product. We have not yet seen a single 
sample of wet picric acid as pure as any of the four dry samples 
in our possession. 

As a simple test of the purity of picric acid for use in connec- 
tion with creatinine determinations we propose the following. 
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To 20 cc. of a sattirated (1.2 per cent) solution of picric acid add 
1 cc. of 10 per cent sodium hydroxide and let it stand for 15 min- 
utes. The color of the alkaline picrate solution thus obtained 
must not be more than about twice as deep as the color of the 
saturated acid solution. If the quality of the picric acid is good^ 
the color of the picrate solution wiU be no deeper at the end of 
24 hours than at the end of 15 minutes provided that organic 
impurities, dust, etc., be excluded. K the picric acid is unusually 
pure, the color of the picrate solution will not be more than one 
and a half times as deep as that of a saturated picric acid solu- 
tion; t.e., by setting the picric acid solution at 20 mm. in the 
Duboscq colorimeter, the picrate will give a reading of 13 to 
14 mm. 


To purify picric acid proceed as follows: Transfer about 600 gtn- of wet 
picric acid, or about a pound of dry picric acid, to a large beaker (capacity 
not less than 4 liters). Pour on boiling water until the beaker is nearly 
full and add 200 cc. of saturated (50 per cent) sodium hydroxide solution. 
Stir, and if necessary heat again until all the picric acid has dissolred, 
yielding a deep red picrate solution. To the hot solution add rather 
slowly, with stirring, 200 gm. of sodium chloride. Cool in running 
to about 30®C., with occasional stirring. Filter on a large Buchner fun- 
nel and wash a few times with 5 per cent sodium chloride solution. TraM- 
fer the picrate to the large beaker, fill with boiling water, and when t e 
picrate is dissolved add, with stirring, first 50 cc. of 10 per cent T 

droxide solution, and then 100 gm. of sodium chloride. Cool to 
stirring, filter, and wash with sodium chloride solution, as before. 
the solution and precipitation of the sodium picrate tirice more, bu 
the last washing of the last precipitated picrate use distilled waterins 

of sodium chloride solution. hoiling 

Dissolve the purified picrate in the same large beaker, wit . 
distilled water, and filter hot on a large folded filter, collecting t Q 
in a large fiask. To the hot filtrate add 100 cc. of concentm^ iterated 
acid, previously diluted with about two volumes of water. The i 
picric acid begins to come out at once. Put a beaker over ® ^ 
the fiask and cool under running tap water to about 30 U 
auction as before and wash free from sulfates with distilled wa 


While tbe findings of McCrudden and Sargent are a 
accounted for on the basis of inapurities in 
of course remains a fact that the yeUow color of P 
picrate does tbeoreticaUy interfere with tbe diiu- 

metric creatinine estimations and practicaU}^ does mu 
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tion in wliich creatinine may be quantitatively determined. The 
creatinine solution obtained from normal blood after the pro- 
teins have been precipitated by the addition of four volumes 
of picric acid solution is strong enough in preformed creatinine 
to permit its estimation with a fair degree of accuracy. 

A simple modification of the original procedure, which most 
investigators will probably accept as an improvement, is the 
following. 

To the fresh blood add four volumes of saturated picric acid 
solution and about 1 gm. of powdered picric acid for each 10 cc. 
of blood used. Shake for 10 minutes, and filter. To 10 (or 
20) cc. of the filtrate add 1 (or 2) cc. of a solution containing 
7 per cent potassium hydroxide and 25 per cent potassium chlo- 
ride. Let stand for 10 minutes, centrifuge, and compare in 
the colorimeter with the standard creatinine in picric acid to 
which has been added a corresponding amount of alkaline potas- 
sium solution. The potassium in the alkali precipitates fully 
75 per cent of the picric acid present in a saturated solution, and 
thereby makes the color due to the minute amounts of creatinine 
present in normal blood distinctly more predominant than when 
the filtrates remain saturated solutions of picric acid. 

In the above modification, as well as in the original method, 
the blood is diluted fivefold by the addition of four volumes of 
picric acid solution. The chief reason for this great dilution of 
the blood filtrates is that it enables one to make a creatinine 
determination with as httle as 2 cc. of blood. When there is 
no reason for economy of blood, the creatinine concentration of 
the blood filtrates can advantageously be increased by using 
only two volumes of picric acid solution (-f- solid picric acid) for 
the precipitation of the proteins. The precipitation in this case 
requires more time, about an hour. The standard creatinine 
solution in this case should, of course, be less dilute than when 
four volumes of picric acid are used for the precipitation. 

Dr. McCrudden agreed with us that since we had been unable 
to find ‘^x-creatine’^ in urine, this finding also is probably to be 
explained on the basis of impurities in the picric acid used by 
McCrudden and Sargent. To prove the point we determined 
the creatinine-creatine in three samples of urine, (a) by the old 
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method, (b) by the new (picric acid) method iising our picric 
acid, and (c) by the new method using McCrudden’s picric acid. 
The following values (in gm. per liter) were obtained. 


TABIE II. 


No* 

. 

a. 

b. 

c. 


0m. 

gm» 

0m. 

1 

1.63 

1.64 


2 

1.33 

1.35 

1.67 

3 

1.71 

1.73 

2.23 




The figures recorded in Table II prove conclusively that the 
highly impure picric acid used by McCrudden and Sargent was 
responsible for their finding creatine in urines which did not con- 
tain any creatine. 

Before communicating with Dr. McCrudden we had made a 
long series of determinations of creatinine' and creatine in human 
urine. In this series we had determined the creatine-creatinine 
both by the old process and by Folin’s micro method. The 
figures obtained are not without interest, because (1) they prove 
that the two methods give identical results, and (2) they are 
numerous enough to give a good idea as to the frequency wit 
which creatine occurs in human urine, in health and in disease. 
The figures are given in the form of colorimetric readings on y 

In explanation of these figures (Table III) it should be state 
that in determining the creatine-creatinine we used as the stan 
ard the creatinine of the unheated urine (and not a stan ar 
creatinine solution). 







No. 


Subject. 


Diet. 


Creatinine 
1 mg. 
Btandard 
Bot at 20 
mm. 


Creatine-cre atinine • 
Creatinine os Btandard 
Bet at 20 mm. 


New 

method. 


Old 

method* 


Normal Men, 


1 I 

formal 

Mixed. 

■ 

17.3 

17.4 

2 

<c 

ft 

HUh 

18.5 

18.5 

3 

it 

Creatine-free. 


20.0 

20.1 

4 

(( 

« 


20.0 

20.1 

5 

<c 

tt 

12.3 

20.6 

19.8 

6 

tt 

tt 

19.3 

20.1 

20.1 

7 

tt 

tt 

7.0 

20.1 

20.1 

8 

t( 

tt 

12.9 

20.1 

20.0 

9 

(t 

tt 

15.5 

19.8 

19.9 

10 

(t 

tt 

22.1 

20,0 

19.9 

11 

tt 

(( 

14.1 

20.0 

19.9 

12 

tt 

tt 

25.7 

20,1 

20.2 

13 

tt 

tt 

20.0 

20.2 

19.9 

14 

tt 

tt 

21.3 

20,2 

20.1 

15 

tt 

tt 

19.1 

20.2 

20.1 

16 

tt 

tt 

16.8 

19-8 

20.1 

17 

tt 

tt 

17.8 

19.9 

20.1 

18 

tt 

tt 

12.1 

20.1 

19.9 

19 

tt 

tt 

14.9 

19.9 

20,2 

20 

tt 

tt 

12.0 

20.0 

20.2 

21 

tt 

tt 

12.5 

20.0 

20.2 

22 

tt 

tt 

19.7 

19.9 

20.5 

23 

tt 

tt 

12.7 

18.9 

18.7 

24 

ft 

it 

8.6 

18.2 

18.1 

25 

tt 

te 

13.2 

20,0 

19.9 

26 

(( 

It 

12.7 

19.8 

20.1 

27 

tt 

tt 

21.4 

20.0 

20.2 


Pathological Men. 


28 

Diarrhea 

Creatine-free. 

16.6 

18.3 

18.1 

29 

Nephritis 

tt 

15.5 


16.9 

30 

Leukemia 

Mixed. 

16.2 

14.7 

14.9 

31 

Cardiac 

(( 

26.9 

10.8 

11.0 

32 

it 

tt 

13.0 


18.0 

33 

Valvular heart 

tt 

15.0 

17.9 

17.7 

34 

Mitral stenosis 

tt 

24.8 

16.7 

17.1 

35 

Lung process 

tt 

22.8 

17.9 

17.7 

36 


tt 

18.2 

18.3 

18.3 











356 


Creatine Determinations 

TABLE m-Concluded. 


1 

i 


Colorimetric readings. 

No. 

Subject. 

Diet. 

Creatinine 

1 mg. 
Btandard 
set at 20 
tnm. 

Creatin eHSeatimne. 
Creatinine as standard 
set at 20 mm. 




New 

method. 

1 Old 
method. 


Pathological Men. 


37 

Tabes 

Alixed. 

15.1 

18.7 

19.1 

38 

Cirrhosis of liver 

ft 

12.0 

17,9 

18.3 

39 

Renal anasarca 

tt 

16.1 

18.8 

18.9 

40 

Pleurisy 

tt 

15.0 

16.8 

16.6 

41 

(t 

tt 

19.1 

17.8 

18.0 

42 

ti 

tt 

17.8 

1 17.6 

17.8 

43 

(t 

tt 

13.3 

17.2 

' 17.2 

44 

tt 

tt 

16.2 

14.5 

14.8 

45 

It 

tt 

19,6 

8.8 

5.2* 


Pathological Women. 



Enteric 

Mixed. 

12.5 

15,8 


« 

(( 

16-3 

17.4 

48 

tt 

tt 

14.0 

14.4 

49 

Gastric ulcer 

Creatine-free. 

17.6 

14.8 

50 

Pneumonia 

tt 

27.9 

16.6 

51 

(( 

tt 

14.5 

12.0 

52 

tt 

tt 

19.0 

11.0 

53 


tt 

17.3 

9.9 

64 

55 

<( 

tt 

18.0 

16.1 

(( 

It 

15.8 

17.2 

56 

(C 

tt 

17.6 

16.0 





Pathological Children. 

57 

58 

59 

60 
61 

Rur*gioal 

Mixed. 

22.5 



it 

27.0 

■91 

u 

a 

27.6 

12.3 

ftvnhilis 

tt 

19.6 

16.9 

Cl 

it 

18.6 

13.9 


Creatine-free. 

20.4 

14.1 

oz 

l( 

ft 

16.4 

Haai 

DO 

<1 

ft 

14.5 

17.9 I 

D^ 

« .... 

tt 

27.1 

17.1 

DO 

1 



^ ^ 


15.7 

17.4 

14.4 

15.1 
16.6 

12.2 
10.3 
10.1 
16.0 
17.2 
16.1 


10.7 

9.S 

12.2 

16.6 

14.2 

14.2 
10.4 

18.2 

17.1 


• Sugar. 















THE ESTIMATION OF AMINO-ACID NITROGEN IN 

BLOOD. 

By JOSEPH C. BOCK. 

(From the Department of Chemistry, Cornell University Medical College, 

New York Ciiy») 

(Receired for publication, November 3, 1916.) 

In spite of the rapidly growing literature upon the occurrence 
of amino-acids in blood and tissue under various conditions, little 
attention appears to have been given to a study of the compara- 
tive merits of various procedures for the preliminary removal 
of protein and manipulation of the solution prior to the analysis. 

For the most part the original method of Van Slyke and Meyer^ 
has been followed, in which the blood proteins are removed by 
precipitation with alcohol, the filtrate evaporated in vacuo to a 
small volume, and this solution used for analysis by the nitrous 
acid method.^ Recent investigations by Folin and Denis^ and 
particularly by Greenwald^ have indicated that amino-acids 
do not completely escape precipitation by alcohol. 

It was therefore considered desirable, as preliminary to some 
contemplated work upon the physiological occurrence of amino- 
acids, to compare the results obtained by the Van Slyke method, 
where different procedures were employed for the removal of 
the protein. It is the purpose of the present paper to report 
the results obtained in this connection, together with certain 
other findmgs which may be of interest. 

Folin and Denis® state that certain nitrogenous substances 
added to the blood cannot be recovered quantitatively after 
precipitation with methyl alcohol. 

Greenwald,^ as a result of his study of this question, concluded 
that alcohol precipitates some nitrogenous non-protein con- 

' Van Slyke, D. D., and Meyer, G. M., J, Biol Chem., 1912, xii, 399. 

* Van Slyke, D. D., J, Biol Chem., 1912, xii, 275. 

» Folin, 0., and Denis, W., Biol Ckem,, 1912, xi, 527. 

« Greenwald, I., J. Biol Chem,, 1915, xxi, 61, 
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stituents of tbe blood, of wMcb 25 to 50 per cent represents 
aminO'acid nitrogen, as determined by Van Slyke’s method. 
As it was originally planned in the present writer’s work to sub- 
stitute the Greenwald procedure of blood precipitation with 
trichloroacetic acid for the alcohol precipitation, a somewhat 
detailed study of the two methods was made. 


TABIE.r. 

Coiri'panzon between Alcohol Precipitation and Trichloroacetic Add Fredpi* 
iaiion of Blood. Non~Prolein Nitrogen per 100 Cc. of Blood. 



’ Methyl 
alcohol j 
i precipita- 
1 tion. 

TrichJoro- 
aofitic add 
predpita- 
tion. 

BAtaarkB- 



1 

mg. 


Sheep blood (oxalated) 

23,70 

37.60 1 

By micro Kjeldahl. 

tt t{ 

tt 

25.40 

34.70 

Distillates Nessler* 

Ox 

(defibrmated) 

23.25 

^ 26.25 

ized. 

a (t 

tt 

22.12 

' 25.90 


it « 

tt 

22,02 

: 23.30 


it it 

ft 

; 18,31 

! 24.30 


Calf “ 

(oxalated) 

1 26.30 

29.65 


Ox 

(defibrinated) 

' 21.10 

25.60 


Ox blood 

(defibrinated) 

27.23 

30.02 

i By micro Kjeldahl. 

« a 

tt 

30.57 

31.82 

i Distillates titrated. 

Sheep 

tt 

28.20 

27.37 


« tt 

tt 

28.29 

30.01 


Ox 

“b amino-acids 

35.57 

39.77 


it ft 

(defibrinated) 

28.59 

28.40 

i 

Sheep “ 

(oxalated) 

34.98 

39.53 


it tt 


35.64 

36.75 

i _ 

Pig blood 

(oxalated) ^ 

22.93 

23.88 

By Kjeldahl. 

tt tt 

a 

29.92 

32,03 


tt H 

it 

28.15 

30.81 

1 

Sheep ** 

it 

35.76 ’ 

39.71 

i 

tt tt 

tt 

35.48 ' 

] 

38.40 



Determinations of the total non-protein nitrogen were 
first. Samples of blood were precipitated according to o 
and Derns® and Greenwald.* Aliquot parts of the filtrates 
digested and distilled as described in a previous papen 
results are summarized in Table I. The figures given for Ness 

• Book, J. C., and Benedict, S. R., J. Biol Chem., 1915, ss, 47. 
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zation represent equivalents of 1 cc* of blood, those for micro 
distillation and titration with methyl red as indicator represent 
3 to 5 cc. of blood. The last part of Table I gives Kjeldahl 
determinations on amoxmts of filtrates representing 30 to 40 
ce. of blood. The micro determinations represent averages 
of three to seven determinations. The Kjeldahl figures repre- 
sent averages of two to three determinations each. 

The results show a decided loss of non-protein nitrogen where 
alcohol was used as precipitant. The differences are largest 
where Nesslerization was employed. This may be due, at least 
in part, to the small quantity of blood used in these determinations, 
whereby the limi t of error is correspondingly increased. This 
may explain the much greater differences obtained by Green- 
wald when compared with the results obtained by titration in 
the present writer’s results. 

The precipitation of blood for the determination of amino- 
acid nitrogen was then tried. As urea and ammonia react some- 
what with nitrous acid in the Van Slyke procedure, it was neces- 
sary to remove these constituents beforehand. A measured 
volume of blood (30 to 50 cc.) was introduced into a flask which 
contained 0.3 gm. of ground soy bean, a little water (2 to 3 cc.), 
and 1 cc. of a 3 per cent solution of NaH 2 p 04 , and the mixture 
was gently agitated. After standing for ^ hour at room temper- 
ature, the mixture was precipitated by diluting to ten times its 
original volume with a 2.5 per cent solution of trichloroacetic 
acid. After standing for 30 minutes, it was filtered, the filtrate 
shaken with kaolin, and filtered again. An aliquot part of the 
filtrate was taken. The difficulty which presented itself at this 
stage was the removal of the trichloroacetic acid. The neutraliza- 
tion before removal is not practical, because the filtrate has to 
be evaporated to a very small volume and even fairly small 
amounts of salts give considerable trouble. The vacuum dis- 
tillation, as in the original Van Slyke and Meyer method, was 
tried. The filtrate was evaporated at reduced pressure in a 
water bath. The usual arrangement of two distilling flasks 
was used and the reduced pressure obtained by means of a good 
water pump. The filtrate was evaporated nearly to dryness, 
100 cc. of water were added, and the solution was again evaporated 
under reduced pressure. The residue was made alkaline with 
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1.0 N potassium hydroxide and the ammonia distilled off. The 
residue, after being slightly acidified with acetic acid, was trans- 
ferred to a small glass evaporating dish and evaporated on a 
water bath. The amino-acid nitrogen was then determined in 
the micro apparatus as described by Van Slyke. The apparatus 
was exactly the same as described by that author,® except that 
the gas burette was smaller, holding only 3 cc/ Table II shows 
the results obtained by this procedure. It will be noted that 
the results by the vacuum evaporation are very low, A second 

TABLE n. 

Comparison of Direct and Vacuum Evaporation of Blood Filtrates Obtained 
by Trichloroacetic Acid Precipitation. Amino-Add Nitrogen 
per too Cc. of Blood. 


Material, 

Vacuum 

evaporation. 

Direct 

evaporation. 

Ox 

blood fdefibrinated) 

mg, 

1.08 

mg. 

6.20 

Sheep 

Ox 

It 

(oxalated) 

1.95 

7.04 

tt 

(defibrinated) 

1.85 

6,92 

(( 

ft 

tt 

2.40 

6.16 

« 

a 

tt 

3,50 

6.92 


tt 

tt 

3.57 

6.09 

Sheep 

Ox 

tt 

tt 

2.74 

6.89 

tt 

-b amino-acids 

4,31 

12.59 

a 

a 


3.25 

12.71 

It 

it 

(defibrinated) 

1.69 

6.43 







method of removing the trichloroacetic acid was therefore tried. 
The original filtrate was put into a flask, a drop of alizarin indi- 
cator was added and the liquid brought to boiling. It then 
kept boiling very slowly for 20 to 45 minutes until the indicator 
showed that the trichloroacetic acid had been removed,^ Enoug 
1.0 N potassium hydroxide was added to make the liquid JS 
tincbly alkaline and the ammonia removed by boiling fj*^^ 
to 2 minutes. It was then slightly acidified with acetic 
boiled down further, and quantitatively transferred to 
evapoxatlng dish. After evaporating to a small volume, 

Slyke, J. Biol. Chem.j 1913-14, xvi, 121. 

1 Van Slyke, J. Biol. Chem., 1915, xxiii, 407. 
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amino-acid nitrogen was determined. Table II compares th{! 
results obtained by tbe vacuum evaporation and the direct evapo- 
ration method. 

The low figures by the vacuum distillation procedure required 
further study. The two processes were therefore reversed; 
i.e.j after evaporating in vacuo and before making alkaline, the 
residue in the distilling flask was transferred to a Florence flask, 
2.5 per cent trichloroacetic acid was added to approximately 
the original volume, and the direct evaporation procedure ap- 
plied. The residue from the direct evaporation was in turn 
evaporated in vacuo after making to volume with 2.5 per cent 


TABLE III. 


Vacuum evaporation. 

Vacuum evaporation 
followed by 
direct evaporation. 

Direct evaporation. 

Direct evaporation 
followed by ^ 
vacuum evaporation. 

A. 

Amino-Add Nitrogen 'per 100 Cc. of Blood.* 


mg. 

mg. 

mg. 

1.79 

6.33 

7.13 

1.91 

0.71 

6.92 

7.08 


3.15 

7,22 

7.24 


2.17 

7.12 

6.15 

3.60 

2.63 

7.11 

6.17 

3.40 

B, On Pure Alanine Solution {Calculated L2 Mg. of Amino-Add Nitrogen) 

0.63 

1.14 

1.16 


0.66 

1.18 

1.22 



* Different samples of ox blood were used. 


trichloroacetic acid. In the case of vacuum evaporation the 
results were invariably lower in the same ratio as obtained be- 
fore. Table III summarizes the results. Each series was run 
on the same filtrates, obtained by precipitating large amounts 
of blood with trichloroacetic acid as described above. 

Solutions of pure alanine were also tried under the same con- 
ditions. To 5 cc. of a solution of pure alanine 200 cc. of 2.5 per 
cent trichloroacetic acid were added and then treated as before; 
f.e., (a) vacuum evaporation, (6) direct evaporation, and (c) 
vacuum evaporation followed by direct evaporation with 200 
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“M. Table III B show, these 

ffltote!'?howSt'ttl™vaom°* “ io the blood 

lower results TIu'r fc n evaporation gives consistently 

chloroaSc acid ^^,0 

tion and enters into ^ ^ removed by the vacuum evapora- 
which Dreve^S%r^ some combmation with the amino-L’d? 
mSd Tn L r reaction in the Van Slyke 

a small volume are after being concentrated to 

allowed to stand at “^™acetic acid and 

and trTJi'bT precipitation method 

precLipd • r ^ I hour, then 

2 hnr .r® After stand- 

filtrafp frA«f vjf filtered off by suction, the 

fitee treated with a httle alcoholic ZnCI. solution, and filtered 

wfitfirha+h t filtrate was evaporated on a 

rp. }. . , ^ nve off the alcohol, and a little water was added. 

The hqmd was made alkaline with 1.0 n KOH and boHed to 
dnve off the ai^onia. It was then acidified with acetic acid, 
evaporated, and the ai^o-acid nitrogen determined. 

Ihe precipitation with trichloroacetic acid was carried out 
as descnbed before. Table IV compares the results obtained 
y the two methods on different bloods. The recoveiy of amino- 
acids added to the blood by the two procedures was also investi- 
gated. The amino-aoid solutions used were obtained by hydrolyz- 
ing pure casein with strong HCl as described by Fischer.® After 
removing the HCl as far as possible by vacuum distillation, the 
solution was diluted to a convenient concentration of amino- 
acid nitrogen and treated by the Van Slyke method. As am- 
monia is formed in the hydrolysis of the casein, it is necessary 

tA YATY\nVP +Vlta KofoTA “fflA njfm- 


luuum lb luiiutju ILL 6ue iiyaroiysis or tne casern, it is necessary 
to remove this before the determination of the amino-acid nitro- 
gen is made. 

•Fischer, E., Unterauchungen aber Aminosauren, Polypeptide und 
Protcine, Bethn, 1906, 55. 
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TABLE IV. 


Comparison of Methyl Alcohol and Trichloroacetic Add as Blood Predpi^ 
tanis for the Determination of Amino-Acids, Amino-Add 
Nitrogen per 100 Cc: of Blood* 


Material. 

. Methyl 

alcohol. 

Trichloro- 
acetio add. 

Ox blond ^dfifibrinfitodl 

1 TTig, 

7.79 

mg. 

8.91 

(( 

it 

tt 

\ 7.14 

7.09 

tt 

it 

tt 

5.74 

6.16 

it 

it 

tt 

6.54 

6.66 

Sheep 

it 

it 

tt 

6.86 

6.89 

it 

tt 

6.09 

8.19 

Calf 

it 

(oxalated) 

i 5.17 

6.66 

Ox 

a 

amino-acids 

10.44 

12.59 

it 

it 

(oxalated) 

5.13 

6.89 

it 

u 

(defibrinated) 

5.07 

6.43 

it 

tt 

+ amino-acids 

9.53 

12.71 

Sheep 

tt 

(oxalated) 

3.72 

7.82 

it 

tt 

a 1 

4.25 

7.79 





TABLE V. 

Recovery of Amino-Adds Added to the Blood by Methyl Alcohol and by 
Trichloroacetic Add Predpitation. Amino-Add Nitrogen 
per 100 Cc* of Blood. 


Material. 

Methyl alcohol. 

Trichloroacetic acid. 

iBlood. 

Blood 

+ 

amino' 

acid. 

Differ- 

ence. 

Calcu- 

lated. 

Blood. 

Blood 

+ 

amino- 

acid. 

Differ- 

ence. 

Calcu- 

lated. 

1 

Ox blood 

it tt 

1 

mg. 

10 . 44 ! 

9.53 

1 

1 

mg. 

5.31 

4.46 

1 

1 

mg. 

6.28 

6.28 

1 

mg. 

6.89 

6.43 

1 

1 

i 

mg. 

5.70 

6.24 

mg. 

6.28 

6.28 


The results obtained by the methyl alcohol precipitation method 
are invariably lower, and the recovery of added amino-acids 
is not so complete as in the case of the trichloroacetic acid pro- 
cedure (Greenwald^). 

The latter procedure gives satisfactory results, but is somewhat 
troublesome in certain stages of the manipulation. Filtration 
IS very slow, and the alternative process of centrifuging such large 
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volumes (300 to 500 cc.) is not always convenient. Another 
method was therefore sought. 

The main difficulty with most precipitation methods is that the 
filtrates contain too large an amount of solids in solution to per- 
mit evaporation to the small volume necessary for the final de- 
termination. Therefore a procedure was adopted providing 
for preliminary coagulation of the proteins by heat in a faintly 
acid solution and evaporation of the filtrates to a small volume. 
The trace of proteins escaping the first precipitation is then re- 
moved by a precipitant which does not appreciably increase the 
amount of salts in the final solution. The heat coagulation was 
carried out as suggested by Benedict.^ The following procedure 
is recommended. 

Into a flask introduce approximately 0.3 gm. of ground soy 
bean (20 mesh), add 3 to 5 cc. of water and 1 ec. of a 3 per cent 
solution of NaH 2 P 04 [, and let stand for a few minutes with oc- 
casional shaking. Rtm in a measured amount of blood (from 
30 to 50 cc.) and let stand at room temperature for 30 minutes. 

Heat 0.01 n acetic acid to boiling in a casserole, using five 
volumes of acid for one volume of blood. Run the blood from 
the flask slowly into the boiling acid -and with constant stirring 
boil for ^ minute. Add the same amoimt of boiling water, us- 
ing this also to rinse the flask. Boil with stirring for 1 minute. 
Filter through a folded filter and wash the casserole three times 
with small portions of water (30 cc.), heating the water in the 
casserole in which the original coagulation took place and us- 
ing a rubber-tipped stirring rod. The filtrate is boiled down rap- 
idly over a free flame to about 10 cc. in a casserole. The con- 
tents of the casserole are now quantitatively transferred to a 
small graduated flask or cylinder, choosing the size so as to ob- 
tain nearly the volume of the original blood. Wash the casserole 
with the smallest possible amount of hot water three times. T e 
volume in the flask or cylinder, after the final wash water as 
been added, should not be more than about three-fourths o 

the final volume. . 

At this stage of procedure different protem Precipit^wJ 

tried. The first was a solution of colloidal iron (5 per cent A 

’ Wict, S. R., /. Biol Chm., 1915, xx, 629. 
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This method, while removing the proteins completely, requires 
a little experience to obtain filtrates which can be evaporated 
to a very small volume without getting cloudy. It was there- 
fore abandoned for the present. The next precipitant tried 
was 7 per cent phosphotungstic acid (Merck) in 2 per cent HCl 
solution, the phosphotungstic acid in turn being removed by 
gradual addition of small amoxmts of solid Ba(OH) 2 . 

This method gives very coarse, easily filterable precipitates, 
but the results are too low. As the phosphotungstic acid precipi- 
tant may possibly be used in some later work, some of the results 
obtained are given in Table VI. The results are compared with 
another procedure which will be discussed shortly. 


TABLE VI. 


Amino-Acid Nitrogen per 100 Co. of Blood ISheep). 


Heat coagulation followed by phospbo* 
tungstic acid precipitation. 


4.64 

4.13 

4.37 

4.48 

3.25 ^ 

3.12 / 


Blood 3 Ig 

“ -f amino-acid 8,60 

Difference 5,42 

Calculated... g 32 


Heat coagulation followed by tricbloro- 
acetic acid precipitation. 




7.60 

6.34 


The third precipitant tried was trichloroacetic acid followed 
by Jcaolin, as suggested by Greenwald. The filtrate from the 
heat coagulation after being evaporated to a small volume and 
transferred to a graduated flask or cylinder is treated with trichlo- 
roacetic acid. Introduce into the graduated flask enough solid 
trichloroacetic acid to make an approximately 3 per cent solu- 
tion. ^ For this purpose the acid is either weighed out on a small 
scale in a little glass scoop or watch-glass and washed into the 
cylinder with a little water, or if several determinations are made, 
a 50 per cent solution of trichloroacetic acid is kept on hand and 
the corresponding amount of this solution is added with a Mohr 
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pipette. After making the solution up to volume, let it stand 
for 20 to 30 minutes. Shake with 2 gm. of kaolin, centrifuge, 
and run the supernatant liquid through a dry filter paper. A 
little kaolin always sticks to the side of the centrifuge tube above 
the liquid level and is carried along when the liquid is poured out. 
An aliquot part of the filtrate is transferred to a small flask, 
and a few beads and a drop of alizarin indicator are added. The 
liquid is brought to boiling over a micro burner and kept boiling 
very slowly (simmering) until the indicator turns. 

The flask is removed from the flame and enough (1 to 2 cc.) 
of 1.0 N potassium hydroxide is added to make the liquid distinctly 
alkaline. Boil for 1 to 2 minutes, taking care that it does not 
boil over, because at this stage slight frothing and bumping occur. 
Make distinctly acid with acetic acid and boil down to the small- 
est possible volume. The liquid is now ready for the amino- 
acid apparatus. It is either transferred directly to the burette 
of the Van Slyke apparatus, washing the flask with very little 
water, or first transferred to a small accurately graduated test- 
tube and made to a definite volume. From this tube duplicates 
can be measured out by means of the burette of the ammo- 
acid apparatus.*® The latter procedure is especially recommend- 
ed where large amounts of blood are available. 

Table VII A shows a comparison between the direct trichloro- 
acetic acid precipitation and the heat coagulation followed by 
the trichloroacetic acid precipitation. The corresponding r^ 
suits were obtained from the same blood each time. Table vl 
shows the recovery of amino-acids added to the blood. 


The heat-trichloroacetic acid method gives filtrates whic 
exhibit any tendency to froth, when shaken in the j 

Should frothing occur, for some reason, oaprylic alcohol, as recomm 
by Van Slyke, is very efficient. The best caprylio alcohol 
been able to obtain at present gives such high corrections for 
that it should not be used without purification. For that pf 

alcohol is shaken twice (best in a separatory funnel) . , ^cid 

glacial acetic acid and NaNOs solution (30 gm. in 100 cc. o!S, J, 
and the nitrate being in the proportion 1:5. Th® f Aask, a 

with a little water two or three times, transferred Lessure- 

very small fraction of NaOH added, and distilled under redu ^P^ 

Tte caprylio alcohol so purified shows a negligible mcreas 
^^es. 
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TABLE VII. 

A. Amino-Acid Nitrogen per 100 Cc. of Blood. 


Material. 

Trichlo^cctle acid 
precipitation. 

Heat coaRulation followed by 
i trichloroacetic acid precipi- 
tation. 

Sheep blood (oxa** 

mg. 

mg. 

1 

lated) 

Sheep blood (oxa* 

7.82 

7.43 

lated) 

Sheep blood (oxa- 

7.79 

7.60 

lated) 

Calf blood (oxa- 

7.50 

6.34 

lated) 

7.60 

7.24 

Pig blood (oxalate d) . 

8.33 

8.37 


B. Recovery of Added Amino-Adds. 



8 

Blood 4- 
amino-acid. 

Difference. 

Calculated. 

Blood. 

!2 

*S 

1 cs 

o's 

.2 «3 
« 

Difference. 

1 t 
£ 

3 

u 

*3 

O 

Sheep blood (oxa- 
lated) 

7.50 





■ 

9.50 

9.32 

Calf blood (oxa- 
lated) 

7.60 


9.25 




9.24 

9.40 


The use of heat coagulation prior to amino-acid determination 
might seem objectionable on accoimt of possible hydrol3^is of 
protein during the process. Greenwald has shown in his pub- 
lication that no sphtting off of nitrogen takes place with his 
procedure, but here the first precipitation takes place in the cold. 
A glance at Table VII A shows that the heat coagulation-tri- 
choroacetic acid procedure gives even slightly lower results 
than the ^ect Greenwald procedure. Recently Folin and Denis« 
reagents involving heating are useless, 

«« ‘’1““ "ath) the nfcogea of 

rm^ Wood filtrates imy be increased to twice the real value.” 

“ “bstanMon of this statement, Ac- 

he heat coa^lation procedure would show much higher results 
in aimno-acid nitrogen bppan«3P +Vko j • • 

woulrf trr o Itr ^ x supposcd increase m mtrogen 

would to a large extent be derived from protein hydrolysis 

“Folia and Denis, J. Biol. Chem., 1916, xxvi, 492. 
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The above mentioned comparison seemed convincing, but an 
additional experiment was made to furnish further proof. Blood 
was precipitated with methyl alcohol according to Folin and 
Denis. Another sample of the same blood was precipitated 
according to Greenwald, and a third part of the blood was coag- 
ulated by heat and after evaporation treated with trichloroacetic 
acid and kaolin exactly as described above. On the filtrates, 
obtained by these three procedures, Kjeldahl determinations 
were made, using such volumes of filtrates as to represent about 
40 cc. of blood, and the determination was repeated with three 
different samples of blood. Table VIII shows the results obtained. 


TABLE Yin. 

Non-Protein Nitrogen per 100 Cc. of Blood (Pig). 


JlethyJ alcohol precipitation. 

TricbJoroacetic acid 
precipitation. j 


ITlff. 

mg. 

ms. 

22.93 

23.88 

23.60 

29.92 

32.03 

30.80 

28.15 

30.81 

29.22 


SUMMART. 


The use of alcohol as a blood precipitant in the determination 
of amino-acid nitrogen in blood is undesirable. 

A comparative study is made of several procedures to^ obt^ 
suitable blood filtrates and their subsequent preparation for 
final analysis by the Van Slyke method. , 

The Greenwald method of blood precipitation has been lO^ ^ 
serviceable for amino-acid nitrogen determination. A modinca 
tion of this procedure is also described. _ ^ 

Coagulation of blood at a boiling temperature in a ^ 
acid solution does not increase the filtrate nitrogen, , 
the traces of protein which escape coagulation are prop 


removed. 

A study of bloods of different species of animals and of h^J» 
blood, both normal and pathological, is being made a 
published shortly. _ 

In conclusion I wish to thank Mr. Isaac Nemrirth or 
assistance in part of the experimental work. 




STUDIES IN THE COMPARATIVE BIO CHEMISTRY OF 
PURINE METABOLISM. 

III. THE PRESENCE OF ALLANTOIN IN MAMMALIAN BLOOD. 

Bt ANDREW HUNTER. 

{From the Department of Pathological Chemistry, University of Toronto.) 

(Received for publication, November 3, 1916.) 

Since the urine of the great majority of mammalian species 
contains, as the end-product of purine metabolism, considerable 
quantities of allantoin, the presence of that substance in the 
blood also might reasonably be taken for granted. It seemed 
none the less desirable to convert this inference into certainty by 
the actual isolation of the substance. The attempt to effect this 
meli with greater difficulty than I anticipated, but was finally 
so far successful that from the blood of the ox and the pig allan- 
toin was obtained in quantity sufficient for positive identification, 
while its presence in that of the horse and the sheep was rendered 
practically certain. Human blood, on the other hand, yielded 
no evidence of containing even a trace of allantoin. 

The method employed for the final isolation of the substance was that 
of Wiechowski.i But before it could be applied to blood it was necessary 
first to remove the proteins, and then to adopt some means of concentrat- 
ing the other nitrogenous constituents (or at least the allantoin itself) 
into a solution of convenient bulk. In preliminary experiments with pig 
blood I sought to attain these objects by heat coagulation of the proteins, 
and evaporation of the faintly acid filtrate upon the water bath. The 
end-product obtained by the application of Wiechowski^s method to this 
concentrate undoubtedly contained allantoin; but the amount was so 
small, and it was so contaminated by other materials, that its certain 
identification was hardly possible. Better results followed the adoption 


^ Wiechowski in Neubauer-Huppert, Analyse des Hams, Wiesbaden, 
nth edition, 1913, ii, 1076. 
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with water. The filtrate was acidified with acetic acid, and freed from 
chlorides by silver acetate. Upon removal of lead, silver, and hydrogen 
sulfide in the usual way, the final filtrate was concentrated to about 60 
cc. and, after careful neutraliTiation with chloride-free sodium hydroxide, 
was treated with an equal volume of Wiechowski^s reagent. The immedi- 
ate result varied from a fiocculent precipitate in the case of ox blood to a 
faint opalescence in that of the human fluid. In every case a precipitate 
had settled out by the following morning. When this precipitate was 
subjected to the usual technique for the isolation of allantoin, it jnelded 
a product highly impure, which It was difficult or impossible to bring to 
crystallization. It was therefore taken up in a very little water, treated 
again with a few drops of basic lead acetate, filtered, freed from excess 
lead, and precipitated a second time with Wiecbowski’s reagent. The 
solution resulting from the decomposition of this second precipitate was 
evaporated in a tinj'' glass basin, the dry residue moistened with a little 
water, and set aside to crystallize. When crystals formed they were 
washed with cold 50 per cent alcohol, which removed some still adherent 
greasy impurities, dried at 100®, and weighed. 


The results obtained can be reported in a very few words. 
The blood of the ox yielded 4.7 mg. of clean well shaped crj'stals 
of considerable size and typical form, which melted, simultane- 
ously with a specimen of pure allantoin heated alongside, at 232®C. 
The pig blood gave 3.4 mg. of crj'stalline material; the crj'stab 
were smaller, and assumed the shape not of perfectly pure allan- 
toin, but of that substance as obtained by direct ci^^stallization 
from urine; they showed, nevertheless, a melting point identical 
with that of the pure material. From the blood of the 
there were obtained crystals similar to those of the pig, althoug 
visibly inferior in quantity; unfortunately the dish contaming 
them was accidentally broken before they could be weighed or 
their melting point determined. The sheep blood yielde a 
first only a smear, and it was onl}’’ after much manipulation ^a^ 
there appeared two microscopic clumps of crystals; they a a 
the appearance of impure allantoin, but the 
small to be accurately weighed, or even to serve for a satis 
melting point determination. Human blood^ furnishe a 

‘ The blood examined was a mixed specimen obtained 
from two nephritics. It is perhaps worth P^n^mg ou , m co 
recent observations by H. G. Wells (/. B%ol. Chem., ’ such 

readily it yielded uric acid. The failure to obtain 
blood is even stronger evidence of its absence than 
from normal individuals. 
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amount of material, which could not be brought by any treat- 
ment whatever to yield crystals even remotely resembling 
allantoin. 

The total yield of allantoin from all the specimens utilized was 
so small that no analysis of the material could be carried out. 
Nevertheless the identification, in the cases of the ox and the 
pigj resting as it does upon method of isolation, crj^st allin e form, 
and melting point, may be regarded as beyond question. With 
the horse and the sheep, in the absence of a melting point deter- 
mination, it is not so certain ; although to one familiar with the 
microscopic shapes assumed by allantoin, little doubt upon the 
point would exist. The complete failure to find allantoin in 
human blood was of course to be expected. 

The maximum yield of 4.7 mg from about 600 cc. of ox blood 
represents something like 0.8 mg. per 100 cc. This is somewhat 
higher than the uric acid, and lower than the creatinine content 
of the same blood. It is of course merely a minimal value. It 
would indeed be ridiculous, with such a method as has been de- 
scribed, where so many bulky precipitates have an opportunity 
of adsorbmg the substance sought, to lay any stress on quanti- 
tative considerations. It may, for instance, be entirely an ac- 
cident that allantoin was isolated more readily and in greater 
quantity from the blood of the ox and the pig, than from that of 
the horse and the sheep. This being admitted, it is neverthe- 
less suggestive that if we arrange the species in descending order 
in relation to the allantoin obtained, we get a series — ox, pig, 
horse, sheep, man — ^which almost coincides with the order taken 
by the same animals in regard to their capacity to form allantoin 
from uric acid, as judged by the relative proportions of these 
substances in the urine. Thus, the uricolytic index of the cow 
is 93, and of the pig 98, while that of the horse is 88, and that 
of the sheep only 80;® man, of course, has practically no allan- 
toin-forming capacity at all. 

^ Further investigation along the line suggested by these con- 
siderations must await the elaboration, if that should prove pos- 
sible, of a more convenient method for the determination of al- 


« Hunter, A., and Givens, M. H., J. Biol, Chem., 1914, xviii, 403. 
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lantoin in blood. Tbe only one at present available is so tedious 
and time-consuming that a repetition, with perhaps larger quan- 
tities of blood and a wider range of species, would hardly repay 
the labor involved. The main object of the present investiga- 
tion was attained when allantoin, in however small a quantity, 
was actually isolated from mammalian blood. 



THE IODINE CONTENT OF FOOD MATERIALS.* 


Bt RALPH M. BOHN. 

(From the Laboratory of Agricultural Chemistry, University of Wisconsin, 

Kadison.) 

(Received for publication, November 8, 1916.) 

The relation of iodine to thyroid metabolism has received a 
large amount of study, but the supply of iodine in food materials 
had been given no systematic attention imtil taken up by Forbes.^ 
What influence its total absence in the diet might have on the 
development of an animal is problematic, but there has not been 
a lack of opinion that such an absence or low supply in the foods 
from certain regions was related to the development of goiter. 
To this opinion the work of Forbes and Beegle gives no credence. 
Further, we have learned that the production of hairless and weak 
pigs in certain regions in the northwestern part of the United 
States is attributed by some to a low supply or absence of iodine 
in the ration of brood sows. 

Before the work of Forbes and Beegle appeared, we had under 
way a quantitative survey of the iodine content of a number of 
foodstuffs, waters, and samples of common salt used by farm 
stock. The results secured are in agreement with their data 
and show a low supply of iodine in plant materials and common 
salts, obtained from widely separate regions. Our only excuse 
for publishing these results is that they are confirmatory of the 
work of others, and in addition summarize our experience \vith 
certain methods proposed for the quantitative determination 
of iodine in organic materials. 

The first method which we attempted to use was that of Krauss,^ 
in which the iodine is determined colorimetrically as PdU. This 

Published with the penuission of the Director of the Wisconsin Agri» 
cultural Experiment Station. 

' Forbes, E. B., and Beegle, F. M., Ohio Agric, Exp. Station, Bull. S99, 
1916. 

* Krauss, R, B., J. Biol Chem., 1915, xxii, 115. 
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method is claimed to detect and determine as low as 0.0001 mg, 
of iodine in a 2 gm. sample. Though the directions were followed 
with the greatest care, no iodine, when added as potassium iodide 
in quantities of 0.0001 to 0.001 mg., could be recovered in the 
controls, and the method w^as finally abandoned.^ 

We next went back to the method proposed by Hunter^ in 
which the iodine, after fusion and solution, is oxidized to iodate 
by sodium hypochlorite, the excess of chlorine removed by boil- 
ing, the iodine liberated from the iodate by potassium iodide 
in excess, and titrated with sodium thiosulfate. The results 
with this method were variable, at times being good and at other 
times disappointing. 

Finally we tried the KendalP method which is as follows: 


The substance, finely ground, is evaporated to a syrup in a nickle cru- 
cible with 5 cc. of 30 per cent sodium hydroxide and 10 to 15 gm. of soM 
Sodium hydroxide broken into small pieces. The mass is then fused in a 
muffle furnace and any unoxidized organic matter is removed by small 
additions of solid potassium nitrate. After cooling, the melt is dissolved 
in water and transferred to a 500 cc. Erlenmey^ flask. 1 cc. of 10 per cent 
sodium bisulfite and a few drops of methyl orange are added, and the 
whole is made just acid with 85 per cent phosphoric acid. A few drops 
of bromine are added, the flask is well shaken, and the bromine boiled off 
hy 10 minutes of vigorous boiling. About 10 drops of a 5 per cent solution 
of sodium salicylate are now added, and the flask and its contents cooled 
in running water. 5 cc. of 10 per cent potassium iodide are added, and a 
little phosphoric acid, if necessary, to bring about the iodide-iodate re- 
action. The liberated iodine is titrated against standard sodium mio- 
sulfate, using starch paste as indicator. We found arrowroot stare ^ 
recommended by Hunter^ suitable for this purpose. The iodine foun 
must be divided by 6 to give the “original" iodine. 


After some experimentation excellent results were obtaine . 
The methyl orange end-point in the acidification with phosp one 
acid was elusive, however, and a trial with Congo red s owe 
the latter to be superior. In this case the acid is adde nn 
the indicator goes to a distinct blue, not stopping ® 
break in the red which is still on the alkaline side. ^ 


F. M. Beegle of the Ohio Experiment Statwn informed me ths 

he also had been unable to obtain good results with the 
‘Hunter, A., J- Biol. Chem., 1909-10, vii, 321. 

‘Kendall, E. C., J. Biol. Chem.. 1914, xix, 251. 
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above method, controls in which 0.1 to 1 mg. of iodine were 
added, the iodine was always recovered quantitatively. In the 
actual determination 2 gm. samples of the air-dried feedingstuff 
were used, and two and sometimes more determinations were 
made in nearly all cases. The minimum iodine content which 
Kendall claims can be detected is about 0.005 nag. of “original” 
iodine in a 2 gm. sample, or even 0.003 mg. of iodine. This much 
iodine, multiplied by 6 in the determination, gives a perceptible 
blue color with starch. In titrating these extremely small 
amounts the thiosulfate, which was standardized daily against 
potassium acid iodate, was used in various strengths of 0.002 N 
to 0.0005 N. Nothing is gained by using a strength weaker than 
0.001 N, however, as the end-point becomes quite indistinct. 

SUMMARY OP RESULTS, 

Corn meal, tankage, commercial meat scraps, clover hay, 
alfalfa, cabbage, ground oats, oat meal, oats at the period of 
flowering, very young oats, June grass, timothy hay, wheat 
flour, sugar beet, milk powder, oil meal, distillers’ grains, wheat 
gluten, oat straw, wheat straw, rape, cottonseed flour, peas, pea 
vine, and alfalfa grown in Kansas gave results which, on the 
whole, exclude the presence of as much as 0.003 mg. of iodine 
in 2 gm. of the substance. Wheat germ, barley, sweet clover, 
and Kansas-grown prairie hay possibly showed a trace of iodine, 
not more, certainly, than 0.005 mg. in a 2 gm. sample. Corn 
gluten, potato, lettuce, and the two natmal waters examined 
showed a distinct trace of iodine, ranging from 0.003 to 0.01 mg. 
per 2 gm. of sample or 1 liter of water, respectively. The waters 
examined were from a local driven well and from Lake Mendota, 
a small inland lake which supplies this laboratory. 1 liter of 
water was evaporated to dryness with a little sodium hydroxide 
and the residue treated in the same manner as were the feeds. 
The blue color kept coming back at the final titration, however, 
and the iodine may have been liberated from the added potassium 
iodide by something other than iodate, as a ferric salt. This 
determination was originally intended for use with thyroids, 
which contain little inorganic material, and it is possible that 
some of the inorganic salts, which are present in rather large 
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amounts in these waters, rather than original iodine, liberated 
iodine from potassium iodide. 

It was reported that some of the soils and waters in Kansas 
contain traces of iodine and it was considered of interest to 
detemnne the iodine content of some Kansas-grown feeds. 
Through the courtesy of Professor P. J. Nei^man of the Kansas 
State Agricultural College, samples of alfalfa, wheat, oat straw, 
and prairie hay were obtained and examined with results as 
noted above- 

Samples of rock salt such as are commonly fed live stock were 
obtained and examined for iodine as follows: 10 gm. samples 
were dissolved in water and 10 cc. of saturated sodium carbonate 
solution were added, and 1 cc. of 10 per cent sodium bisulfite. 
A drop of Congo red brought the samples to the point in the 
Kendall determination where the phosphoric acid addition is 
made, and the determinations were finished as above. Controls 
showed this modification to be suitable for the determination oi 
iodine in common salt. Samples were axamined from two 
mines in Michigan, from New York, Louisiana, Kansas, Ohio, 
the Pacific Coast, and Salt Lake City. In no case was there 
any indication of the slightest trace of iodine present. 

Attempts were also made to extract the iodine from 25 gm- 
of corn meal with a mixture of alcohol and acetone in a continu- 
ous fat-e.xtraction apparatus, and determine the iodine in the 
evaporated residue. No iodine was found, however, and m a 
control only about three-fifths of the added potassium iodide 
was recovered. 

An attempt was made to determine the iodine in 50 gm. o 
corn meal by adding the sample gradually to a large melt o 
sodium hydroxide, but the early production of sodium carbona e 
and subsequent solidification of the residue prevented the e- 
termination from being at aU satisfactori', and a blank w^ 
obtained. A hot water extraction of 100 gm. of corn mea a 
gave a blank determination. , . 

Distillations of the iodine from large samples suspen 
25 to 50 per cent sulfuric acid solutions were tried, bu 
to the excessive frothing they have not yet been satisfac orj . 
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TABLE OF RESULTS. 



No. of determinations. 


Substance. 

Total. 

No 

iodine. 

Trace. 

0.003 
to 0.01 
mR. of 
iodine. 

Probable presence or 
absence of iodine. 

Meat straps 

3 

2 

1 

1 


No iodine. 

Tankage 

2 

1 


a i{ 

Com meal 

2 

1 

1 


1 

« (C 

Corn stover 

1 2 

2 



tt (( 

Cabbage 

1 

1 2 

1 

1 


(( C( 

Clover hay 

1 2 

2 



(( <1 

Very young oats 

1 

1 



(c a 

Oats in flowering ' 

1 

1 

1 


IC it 

Ground oats 

2 

2 



if tt 

Oat meal 

2 

2 



it a 

June grass 

2 

2 



tt tt 

Alfalfa 

2 

2 



tt tt 

Timothy 

2 

2 



tt tt 

Wheat flour 

1 

1 



tt tt 

Sugar beet 

2 

2 



tt tt 

Milk powder 

2 

2 



tt ({ 

Wheat germ 

1 


1 


Possibly a trace. 

No iodine. 

tt ti 

Distillers* grains 

1 

1 

1 


Wheat gluten 

1 



Corn gluten . 

6 

1 

1 

I 


Undoubtedly a trace. 
Possibly a trace. 

No iodine. 

Probably a trace. 

No iodine. 

ft 

Bariev 

4 

0 

4 

Barley straw 

3 

A 

2 

I 

1 

1 

Potato 

3 


t 

Oat straw 

1 

1 

i 

2 

Wheat straw 

1 

X 

1 

1 



Oil meal 

1 




Lettuce 

3 

1 

o 


Probably a trace. 

No iodine, 

(£ ££ 

Rape 

1 

•1 

Z 

1 

Cottonseed flour 

1 

9 

1 

1 



Peas 

1 

o 




Pea vine 

2 

n 




Sweet clover. . 

\ 

Z 



it 

Possibly a trace. 

Water samples. 

Well water. . . 

2 

1 

1 


Lake Mendota water.. . 
Kansas samples. 

Prairie hay 

3 

1 

1 

1 

1 


1 

2 

Probably “ ‘‘ (?) 

ft ft ^9^ 

Wheat.. 


1 

1 

Possibly “ 

Oat straw. . 

J. 

1 

1 



Probably 

Alfalfa 

1 


1 

tt tt t( 




No iodine. 
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TABLE OF RESmTS-Concluded. 


Substance. 

No. ot determinations. 


Total. 

^ No 
iodine. 

Trace. 

0.003 
toOOl 
mg, of 
iodine. 

Probable presence or 
absence of iodine. 

Salt samples. 



ijniii^ 

llBB 


Michigan, No. 1... 

2 

2 


■ 

No iodine. 

« « 2. 

2 

2 



{< <1 

Louisiana 

2 

2 


■ 

I 

« <( 

New York 

2 

2 

■ 



Kansas 

2 

2 

■ 


U (1 

Ohio 

2 

2 



i< (f 

California 

2 

2 



tt a 

Utah 

2 

2 


■ 

it (c 


DISCUSSION. 

The above results are not absolute, as the table shows, but they 
are the best interpretation of the data obtained. That is to say, 
the results were not always in agreement — ^a blank and a trace 
of iodine being sometimes found in the same sample. Thetable 
gives the detailed results of the determinations. To test the 
effect of maturity, the oat plant was examined at three stages of 
growth, but negative results were obtained in every case. 

It might be supposed that the objection to the method as 
applied to water would also apply to some of the feeds, but re- 
peated controls showed that the method was quite applicable. 
Since 2 gm. samples were used, and 0.003 mg. of original iodine 
gives a blue color to the final solution, the samples which gave a 
blank had considerably less than one part of iodine in 650,000. 
In the case of the salts where 10 gm. samples were used, t e 
amount of iodine was less than one part in 3,250,000. 
waters the amount was about one-hundredth of this. ® 
substances, which showed a trace of iodine, had from ab^ one 
part in 650,000 to one part in 200,000. Nearer than tto i i 
impossible to say, the results, perhaps, being more qua a i 
than quantitative. There is, however, p 

between these results and those secured by Forbes an eeg 
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SUMMARY. 

1. Three methods for the determination of iodine in organic 
matter have been compared, with the result that the method 
proposed by Kendall was found to be by far the most accurate, 

2. Iodine determinations have been made on many feeding 
materials, two natural waters, and several rock salts. In the 
majority of samples no iodine could be detected; some showed a 
trace of iodine to be present. 

3. It would appear that the presence of iodine in feeding ma- 
terials of vegetable origin is accidental and serves no necessary 
nutritive function in the plant. Further, the iodine require- 
ments of animals must of necessity be met by the traces that occur 
in plant materials, waters, etc. 

I wish to express my gratitude to Professor E. B. Hart of this 
Station, for the suggestion of this research and for much helpful 
advice and criticism. 




COLORIMETRIC METHODS FOR DETERMINING SERUM 
CHOLESTEROL. 

By PAUL G. WESTON. 

{From the Laboratory of Pathology, Stale Hospital, Warren, Pa.) 

(Received for publication, November 4, 1916.) 

Colorimetric methods have been used by a number of workers 
for the quantitative determination of cholesterol in human blood. 
Weston (1) and Schmidt (2) used the Salkowski reaction. Gri- 
gaut (3), Autenrieth and Funk (4), Henes (5), Csonka (6), Bloor 
(7), Gettler and Baker (8), and others used the Liebermann- 
Burchard reaction. Each author used a different method of 
extraction. Autenrieth and Funk made fourteen determina* 
tions by their method and found an average of 1.278 mg. of choles- 
terol per 1 cc. of serum. Henes (5), testing some of the same 
serum by the Weston-Kent (9) method, found an average of 1.267 
mg. per 1 cc. Weston (10) added known quantities of cholesterol 
to serum and recovered it quantitatively by the Weston-Kent 
method. Henes in the University of Freiburg used the Weston- 
Kent method for extraction and the Grigaut method for color 
determination; Windaus used his digitonin method, and Auten- 
rieth used the Autenrieth-Funk method. The results were almost 
identical. 

The experiment here described was undertaken in order to 
have a basis of comparison for the different methods both of 
extraction and of color determination. Starting with 100 cc, 
of human serum, I divided the quantity into two equal parts 
and added to one part 50 mg. of pure cholesterol dissolved in 
ether. The flask containing the serum-ether mixture was gently 
shaken from time to time until the ether had evaporated. By 
this method an even distribution of the cholesterol in the serum 
was obtained. A portion of each of these sera was extracted 
by each of six methods and each of the twelve resulting extracts 
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was tested three methods. The following ex-traction methods 
were emploj^ed. 


L BIoot Three volumes of serum were added to seventy-five 

volumes of a mixture of alcohol and ether (alcohol, three parts; ether, 
one part) in a flask, and the mixture was heated to boiling. It was allowed 
to cool, after which suflScient alcohol-ether mixture was added to bring 
the volume to 100 and the extract was filtered. At this point the filtrate 
was divided into two parts. The first part was evaporated to dryiiess by 
means of gentle heat strictly according to Bloor's instructions, and the 
residue was taken up in chloroform for testing. The second was boiled 
with potassium hydrate for 2 hours and treated subsequently as in the 
Weston-Kent method. 


B. Autenrieth'^Funk Method , — Serum was digested on a water bath for 
2 hours in ten volumes of 25 per cent potassium hydrate solution. The 
resulting liquid was extracted by adding to it twice its volume of chloroform 
and shaking \ngorously for 5 minutes. The chloroform was then drawn 
ofi and a fresh lot added. This was repeated four times. The extract 
was dehydrated with anhj’drous sodium sulfate and the clear solution 
used fortesting. 

S, Weston-^Keni Method , — Serum was extracted with ten volumes of 
95 per cent alcohol and kept at a temperature of 60®C. for 24 hours. The 
alcohol was filtered off and the residue washed twice with boiling alcohol. 
The residue was then further extracted for 24 hours with ether. The 
ether and alcohol extracts w^ere combined and the mixture boiled with a 
few grams of potassium hydrate for 2 hours, at the end of which time the 
fluid had evaporated to a very small volume. A saturated solution of 
calcium hj’-drate was added and the precipitate which formed was collected 
on a filter, washed with carcium hydrate solution, dried, and extracted 
with chloroform. 

4. Csonka Method , — 2 cc. of serum, 20 cc. of alcohol, 4 gm. of potassium 
hydrate, and 2 cc. of a 10 per cent solution of barium chloride were placed 
in a flask of special construction and boiled under a reflux condenser for 
1 hour. The mixture was extracted with ether and the extract washe 
with water until the wash water was no longer alkaline. The ether ex- 
tract was then filtered into a flask, the ether was distilled off, and the resi 


due taken up in chloroform for testing. 

5, Gettler and Baker Metkod,--6 cc. of serum were allowed to 

loose coil of fat-free absorbent paper; this was dried over PjOs at 0 • 

in vacuo for 16 hours (over night). The coil was extracted m a cx 
with anhydrous ether for 5 hours. The ether was evaporate a 
residue taken up in chloroform for testing. r^ntasslm 

6. Author's Method.— 2 cc. of serum and 20 cc. of 2o P ^ 

hydrate solution were boiled on a hot plate for 2 J ^ ^ d almost 

occasionally. At the end of 2 hours the solution ^he re- 

to dryness and a saturated solution of with 

suiting precipitate was collected on a filter, dried, and cxtractea 

chloroform. 
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Methods of Testing the Extracts. 

1. Bloor Method,--A portion of each extract representing 0.3 cc. of 
sermn was brought to 5 cc. by the addition of chloroform. 2 cc. of acetic 
anhydride and 0.1 cc. of sulfuric acid were added and the mixture was 
shaken. A standard tube was made by dissolving 0.0027 gm. of cholesterol 
in 10 cc. of chloroform. 4 cc. of acetic anhydride and 0.2 cc. of sulfuric 
acid were added and the mixture was shaken. The tubes were left in the 
dark at room temperature for 15 minutes. Readings were made in the 
Autenrieth-Konigsberger colorimeter. 

2. Auienrieih-Funk Method,— A second portion of the extracts, repre- 
senting 0.1 cc. of serum, was treated in the same manner as above described 
except that immediately after shaking the mixture of chloroform, acetic 
anhydride, and sulfuric acid, the tubes were placed in a water bath 
at 35°C. for 15 minutes. The standard tube contained 0.0012 gm, of 
cholesterol. Comparisons were made in the Autenrieth-Konigsberger 
colorimeter. 

S, Weston Method , — A third portion of the extracts was placed in 
small tubes 100 x 10 mm. and of exactly the same diameter. Three dilu- 
tions of each extract were made representing 0.075, 0.1, and 0.125 cc, 6t 
serum. The contents of each tube were brought to 1 cc. by the addition 
of chloroform. In another set of similar tubes were placed quantities of 
cholesterol varying from 0.0001 to 0.0003 gm. in 1 cc. of chloroform, increas- 
ing by 0.000025 gm. 0.1 cc. of sulfuric acid was added to each tube and 
the tube was thoroughly shaken. All tubes were placed in the dark for 
30 minutes, after which 1 cc. of chloroform was added to each tube. They 
were again placed in the dark for 15 minutes, after which comparisons 
were made and the amount of cholesterol determined. 

A duplicate set of this extract was set up and treated in the same man- 
ner except that the standard was made up in 6 cc. of chloroform. Com- 
parisons were made in the Autenrieth-Konigsberger colorimeter. The 
findings by the colorimeter were the same as the results obtained by the 
use of the small tubes. 

The results of all the tests are shown in Table I. 

It may be seen that the color values obtained by Bloor’s method 
are remarkably inconsistent and that the addition of cholesterol 
to the serum is in no case indicated by the readings. Whatever 
the method of extraction, there is nothing to show that the added 
cholesterol was recovered. The Autenrieth-Funk method shows 
clearly the recover}^ of the added cholesterol in every instance 
except in the extracts obtained by Bloor’s method. 

The values obtained by the author’s colorimetric method 
were practical^ identical with those obtained with the Auten- 
rieth-Funk method. 
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TABLE I. 

Cholesterol per 1 Cc. of Serum, 


Method. 


Colorimetric methods. 


Bloor. 

Autenrieth 

Funk. 

Weston. 

Bloor / 

A* 



mg. 

\ 

A** 



1.73 

/ 

B 

1,71 

2.88 


\ 

B** 

1,56 

1.88 

2.70 

Autenrieth-Funk / 

A 

2.12 

1.86 

1.84 

\ 

B 

1.89 i 

2,87 

2.85 

Weston-Kent / 

A 

3.83 

1.84 

1.85 

\ 

B 

3.11 

2.86 

2.85 

Csonka ^ 

A 

2.16 

1.85 

1.84 


B 

2.22 

2.87 

2.83 

Gettler-Baker | 

A 

3.51 

1.83 

1.84 

B 

3.00 

2.85 

2.85 

Author ^ 

A 

3.83 

1.85 

•1.85 


B 

3.96 

2.87 

2.86 


* Serum A is plain serum; Serum B is the same with 1 mg. of cholesterol 


added to each cc. 

** Extract saponified by Weston-Kent method. 

It will be noted that Bloor’s method of extraction did not 
give consistent results even when tested by other methods, and 
that the saponification of the extract did not affect the results 
appreciably. In the writer^s hands Bloor^s method was useless. 

Inasmuch as the other five methods of extraction give identi- 
cal results, the selection of a method is a matter of personal prefer- 
ence. I prefer the sixth on the ground that it is simple and eeo 

nomical. ^ . . . 

Bloor and Autenrieth and Funk mention difficulties aris ^ 
from the admixture of a yellowish or brownish tint to t e gme 
solution in the chloroform containing the serum 
latter authors by dehydrating the chloroform with an y 
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sodium sulfate 'were nearly always able to remove tlic interfering 
color. Csonka overcame tbe difficulty by adding barium clilo- 
ride to tbe mixture before saponification. Bloor states that, If 
the evaporation of the untreated alcohol-ether extract was 
carried out carefully so as to avoid beating the residue after it 
had reached dryness, the chloroform extract was colorless and 
after treatment gave excellent readings." Mueller (11) used 
Bloor’s method and was unable to obtain a green color free from 
brown even when the extract was evaporated before an electric 
fan. I have had a similar experience, and in eighty extractions 
was not once able to obtain a specimen wholly free from a brown- 
ish color. 


SUMMARY. 

A quantity of human serum was divided and cholesterol was 
added to one part in the proportion of 1 mg. to 1 cc. Portions 
of both the pure serum and the treated serum were extracted 
by different methods and the extracts were tested by different 
methods for cholesterol. The author failed to obtain valid 
results by Bloor’s method. The extraction methods of Auten- 
rieth and Funk, Weston and Kent, Csonka, Gettler and Baker, 
and Weston showed uniformly consistent results, the added 
cholesterol being recovered quantitatively in each case. The 
Autenrieth-Funk and the author’s colorimetric methods gave 
equally satisfactory results. A new method of extraction k 
described. 
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THE MOPE OF ACTION OF XJREASE AND OF ENZYMES 

IN GENERAL. 

By K. GEORGE FALK. 

{From the ffarriman Research Lahoraioryj Roosevelt Hospitalj New York.) 

(Received for publication, November 18, 1916.) 

Van Slyke and Cullen, in a paper with the above title, deduced 
a general expression for the kinetics of enz3nne action.^ In a 
discussion of this question between Professor Pegraxn, of Colum- 
bia University, and the writer, it appeared that in the develop- 
ment of the equations an assumption was introduced which 
unfortunately limits their vahdity and applicability to definite 
conditions which are realized only in special cases. 

Van Slyke and Cullen follow the time required for an enzyme 
molecule to complete the cycle of the reaction; in the example 
used, the sum of the times required to combine with a urea mole- 
cule, and to throw it off as ammonia and carbon dioxide. This 
length of time may be perfectly definite for a molecule of enzyme 
going through the cycle once, but with a large number of enzyme 
molecules it is necessary to consider the average time of an en- 
zyme molecule in passing through the cycle. 

If, in considering such a large number, the same fraction of 
the number of molecules is considered to be in each state of the 
reaction, that is, a part is going through the first stage of combina- 
tion with the urea molecules, and a part through the second stage 
of decomposition of the enzyme-urea complex into enzyme, 
ammonia, and carbon dioxide, then the deductions of Van Slyke 
and Cullen hold. As the reaction proceeds, with definite ini- 
tial quantities of enzyme and substrate, the absolute quantity 
of enzyme remains constant but the quantity of substrate de- 
creases. Under these conditions it is evident, from a considera- 
tion of the kinetics of the reaction, as the quantity of substrate 


'Van Slyke, D. D., and Cullen, G. E., J, Biol Chem„ 1914, xix, 146. 
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decreases, with the same absolute amount of enzyme in the 
sphere of action, that a decreasing fraction of the number of 
enzyme molecules will be passing through the JBrst stage of the 
reaction in a definite time interval, or that the average time of 
the first stage of the reaction for an enzyme molecule will be 
altered. 

The second step of the reaction, decomposition of the complex, 
follows the monomolecular reaction velocity law in which the 
amount decomposed or reacting is proportional to the amount 
present. The average time each enzymb molecule remains in 
this combination is constant. The actual concentration of this 
intermediate compound is, however, changing. The total aver- 
age time an enzyme molecule occupies in passing through a 
complete cycle of the reaction is made up, therefore, of the aver- 
age time required to combine with a substrate molecule, which 
may be variable as the concentration of the substrate changes, 
plus the average time of decomposition of the complex, which 
is constant. 

If a steady state exists in the reaction the deductions of Van 
Slyke and Cullen will conform to the facts. This steady state 
can occur only if a constant fraction of the total number of en- 
zyme molecules is passing through the first stage of the reaction. 
This is true in the definite case of a large excess of substrate 
present in the reaction mixture, but as far as can be foretold, m 
no other simple case. 

The fact that the calculated values, using Van Slyke and Cu - 
len^s equation, agree with the experimental results^ cannot e 
used as proof for the validity of the assumptions involve ^ 
the theoretical deductions. The constants of the equation are 
obtained from the experiments to which the equation is a e 
applied. 



THE MODE OF ACTION OF UREASE AND OF ENZYMES 
IN GENERAL. 

By DONALD D. VAN SLYKE and GLENN E. CULLEN. 

{From the Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, November 18, 1916.) 

Our equation, contrary to the statement of Falk in the pre- 
ceding paper, is not, as it appears to us, limited by the assumption 
that ^'a constant fraction of the total number of enzymes is 
passing through the first stage of the reaction.” The equation 
expresses the following conditions; that the enz3ane performs 
the two acts, of combination with and decomposition of the sub- 
strate, in sequence, not simultaneously, and that the period 
required for combination varies directly as the dilution of the 
substrate (urea). As corollaries it also expresses the following: 
first, since the two acts occur in sequence, the proportion of 
enzyme molecules engaged in each varies directly as the relative 
periods required for the respective reactions; second, since the 
average period of combination increases with substrate dilu- 
tions, the proportion of enzyme molecules in the first stage (i.e., 
engaged in combining with or waiting to combine with substrate) 
increases continuously with increcmng substrate dilution. The 
equation as it stands, therefore, not only covers the condition 
of a variation in the relative proportions of enzyme in the two 
states of activity, but specifically expresses the manner in which 
the proportions vary under the influence of changing substrate 
concentration. 

It is a pleasure to acknowledge Dr. Falk^s courtesy in discuss- 
ing with us his criticism prior to its publication, so that his view 
and ours on the point where we failed to agree can be here 
presented together. 
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THE INFLUENCE OF THE COAGULATION BY RENNIN 
UPON THE GASTRIC DIGESTION OF MILK 
PROTEINS. 

By J, T. LEARY and S. H. SHEIB. 

(From the Department of Physiological Chemistry, VanderhiU Medical School, 

Nashville.) 

(Received for publication, November 9, 1916.) 

Owing to the divergent results obtained by previous workers 
regarding the influence of the coagulation by rennin upon the 
subsequent gastric digestion of milk proteins, this study was 
undertaken with the view of ascertaining if possible wherein 
the great differences exist. According to Hawk,^ coagulation 
of the casein by rennin greatly retarded subsequent action of 
pepsin. In his experiments no foreign substance was added to 
the digestive mixtures, Abderhalden and Kramm,^ using a 
different method wherein sodium oxalate was added to prevent 
the coagulation, found that thereby the activity of the pepsin 
was lessened, but to a very slight degree. This result they 
explained by the adsorption of the pepsin by the paracasein 
with a resulting digestion from both within and without the 
coagulum, 

PROCEDURE. 

In the following experiments Lilly's scale pepsin was employed, 
in an acidity of 0.2 per cent hydrochloric acid. To prevent 
coagidation 2 per cent sodium oxalate was used and toluene was 
added as a preservative. The digestions were incubated at 38° 
for varying periods of time. Whole milk was used in all the 
experiments. 

At the conclusion of each period of digestion, the already acid 
solution was saturated with sodium chloride in substance, heated 
to boiling, and filtered hot. The coagulum was washed with 

'Hawk, P. B., Am. J. Physiol.^ 1903-^4, x, 37. 

* Abderhalden, E., and Kramm, F., Z. physiol Chem., 1912, Ixxvii, 462. 
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hot 10 per cent sodium chloride solution to free it from adhering 
non-coagulable matter and the filtrate made up to 200 cc. 

When milk itself is so treated a water-clear filtrate is obtained 
which gives no precipitate with either nitric acid or Roberts’ 
reagent. Milk and boiled pepsin similarly treated give the same 
results. 

In the experiments with boiled milk the heating was conducted 
under a reflux with constant agitation, winch procedure prevents 
the formation of a pellicle^ particularly if the agitation is con- 
tinued until the milk cools to room temperature. The nitrogen 
content of the coagulum and of the filtrate was determined 
by the Kjeldahl method. The Sorensen titration method was 
employed to determine the amino nitrogen content of the filtrate. 


5mes I, 


1 . 


cc. 

Milk 10 

Hto. ; 10 

Pepsin solution 5 

1,2 per cent HCl 5 

Pepsin solution, 250 mg. in 100 cc. 

1. Permitted to clot before adding acid, 

2, Clotting prevented by addition of oxalate solution. 


Milk 

Sodium oxalate. . 
Pepsin solution. , 
1.2 per cent HCl. 


The periods of digestion were as follows; 

Nitrogen. 
i hr. digestion. 


Pesidue* - - 


ms- 
. 23.24 



^.58 



.... 1-568 


1 hr. digestion. 

.... 21.7 



... 35.84 



1.624 


H hr. digestion. 

18.62 

JcvCSiQue 


"... 39.2 

riitfrave 


2.016 

Amino N 

2 hr. digestion. 

.... 16.9 

B.cBidvie 

V wk ft V ft 


. 40.88 
2,086 

Amino 



ce. 

la 

lO 

5 

5 


2 . 

42.98 

14.56 

0.448 


43.4 

14.56 

0.56 

41.44 

16.6 

0.56 


39.62 

18.76 

0.5S6 
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The results obtained in this series clearly show the relatively 
poorer peptolytic action upon milk in which sodium oxalate 
has been used to prevent coagulation. 

In Series II boiled and unboiled milk were digested in the same 


manner. 

1 , 

Raw. 

2 . 

cc. 

iSeries 11. 

3. 

cc. 

Dolled. 

4. 

cc. 

cc. 

Milk 

10 

Milk 

10 

Milk 

10 

Milk 

10 

H 3 O 

10 

Oxalate 

10 

HjO 

10 

Oxalate 

10 

Pepsin 

1.2 per cent 

5 

Pepsin 

1.2 per cent 

5 

Pepsin 

1.2 per cent 

5 

Pepsin 

1.2 per cent 

5 

HCl 

5 

HCl 

, 5 

HCl 

5 

HCl 

5 


Pepsin solution, 1 gm. in 100 cc. 

1 and 3, Clot was permitted to form before adding acid. 

2 and 4. Clotting prevented by oxalate. 


The periods of digestion were as follows : 

Nitrogen. 

1 hr. digestion. 


2 . 3 . 

tnp. mg. mg. 

I^sidue 15.12 43.24 14.14 

Filtrate 44.80 17.92 47 04 

2.80 1.12 2;66 


4. 

mg. 

41.72 

19.04 

1.26 


Residue.. 
Filtrate.. 
Amino N 


2 hr. digestion. 

.. 14.42 33.74 

.. 45.92 26.88 

♦ . 3.36 1.40 


19.46 

41.44 

3.36 


26.18 

32.48 

2.24 


Residue . . 
Filtrate.. 
Amino N, 


3 hr. digestion. 


42-56 42.00 

2.80 2.24 


48.16 

3.08 


45.92 

2.80 


Residue.. 
Filtrate. . 
Amino N, 


4 hr. digestion. 

- 15.40 25.20 

.. 49.28 37.24 

•• 3.64 2.24 


15.00 

51.52 

3.36 


28.64 

45.92 

1.96 


The dieestion nf J ™ ^ retardation is least evident, 

otiw S ™ “PW ‘han that 
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A different procedure was followed in Series III. No foreign 
substance, i.e., no sodium oxalate, was added to the digestive 
mixtures. The formation of a curd of paracasein was prevented 
by a change in the manner in which the various ingredients were 
added. 


}. 

cc. 

Series III. 

2^ 

cc. 


3, 

cc. 

Milk 10 

Alilk 

, 10 

Mlk 

10 

HiO 10 

H.O 

, 10 

E:0 

W 

Pepsin 5 

1.2 per cent HCI... 

5 

A mixture of equal 


1.2 per cent HCJ.. 5 

Pepsin 

5 

parts of 1.2 per 
cent HCI and pep- 
sin solution 10 

Pepsin solution, 250 mg. in 100 cc. 





1. Pepsin permitted to coagulate milk before addition of acid. 

2. Acid added to precipitate casein before addition of pepsin. 

1. Coagulation took place in about 2 minutes, forming a thick heavy 
curd. 

2 and 3. No clot of paracasein was formed, the mixtures remaining 
practically homogeneous. 

Nitrogen. 


hr. digestion. 


1 . 2 . 

Residue... 44.80 25.20 

Filtrate 13.44 55.S4 

Amino N 0.336 1.29 


3. 

25.90 

33.60 

1.40 


1 hr. digestion. 


Residue 40.74 

Filtrate 16.80 

Amino K..» 0.64 


19.32 20.16 

38.50 

1.90 1-^ 


1| hr. digestion. 

Residue S6.88 

Filtrate 20.40 

Amino N 


11.20 ^ 3.55 

44.80 

2.40 2.40 


Residue.. 
Filtrate. . 
Amino K 


2 hr. digestion. 

35.9S 

22. 6S 

0.70 


10.36 

48.44 

2.75 


11.20 

46.90 

2.75 


This series shows a uniformly better digestion m 
which no paracasein curd was formed. Whether the acid 
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first, followed by the pepsin, or whether both are added sim- 
ifitaneonsly apparently makes but little difference in the results 

obtained. , , , . j -j 

Series HI having shown that the results obtained when acia 

and pepsin were added in the order named, or as a mixture, were 
practically identical, the procedure of adding a mixture was 
discontinued. 

Series IV, 


1 . 

ce. 

Milk 10 

HiO 10 

Pepsin 5 

1.2 per cent HCl 5 

Pepsin solution, 350 mg. in 100 cc. 

1. Permitted clotting by pepsin before adding acid. 

2. Added acid to precipitate casein before adding pepsin. No curd of 
paracasein was formed. 

Nitrogen. 


2 . 

cc. 

Milk 10 

HjO 10 

1.2 per cent HCl 5 

Pepsin 5 


i hr. digestion. 

1 . 2 . 

trig, mg. 

Residue 40.80 26.46 

Filtrate 17.92 31.36 

Amino N 0.42 1,68 

1 hr. digestion. 

Residue 33.32 20.86 

Filtrate 24.64 36.96 

Amino N 1.40 2.24 

li hr. digestion. 

Residue 29.26 18.48 

Filtrate 29.12 39.2a 

AmiaoN 1 68 2.80 

2 hr. digestion. 

Residue 26.18 15.54 

Filtrate 31 92 42.28 

N 1 82 3.08 


The relatively better digestion in the absence of a paracasein 
curd is shown here as in Series III. 
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SUMMARY AND CONCLUSIONS. 

1. Abderhalden’s and Kramm’s results, showing that clotted 
milk was more easily digested than milk in which coagulation 
had been prevented by the use of oxalate, were confirmed, but 
it is believed that the peptic digestion in the latter case was 
inhibited by the presence of the foreign oxalate solution. 

It would appear that the internal digestion of the paracasein 
curd by adsorbed pepsin as set forth by Abderhalden and Kramin 
is of rather minor importance. 

2. Using a slightly different method from that emploj^ed by 
Hawk, his conclusion is verified; namely, that pepsin exerts 
its action much more readily upon the protein constituents of 
milk in cases where no thick elastic curd of paracasein is formed. 

3. The formation of a curd of paracasein depends upon two 
separate factors; t.e., the strength of the HCl in the juice and the 
quantity of rennin present. 

4. The peptic digestion of boiled milk is slightly more rapid 
than that of raw milk. 



the prepaeation of guanidine/ 


Bt J. SmTH SHARPE. 

{From the Devarimeni of Physiology^ University of Glasgow.) 

(Received for publication, October 14, 1916.) 

Levene and Senior^ give a method used by them for the prepara- 
tion of large quantities of guanidine. Their process, which is not 
new, seems satisfactory but the purity of the product when 
tested is not over 95 per cent. 

For the past year we have been using a large amount of guani- 
dine in various forms, .and being unable to obtain any of the salts 
which usually come from Germany, we tried some of the various 
methods of preparation given in Beilstein’s Handbuchj and adopted 
the following which not only gives a good yield but also a product 
of great purity. The method seems to have been first suggested 
by Dehtsch and Volhard,^ but they give no details. Guanidine 
may be obtained by heating dry ammonium thiocyanate in a 
short-necked Jena flask for 20 hours at a temperature from 190- 
200°C. For this purpose an iron or copper oil bath is necessary, 
using fairly heavy oil so as to ensure a temperature within the 
range stated. 

Method. 

About 100 gm. of dry ammonium thiocyanate are placed in the 
flask and immersed in the oil, which should be above the level of 
the crystals. The heat is then raised gently until the required 
point is reached. When the 20 hours have expired, the mass is 
allowed to cool, extracted with hot water, and filtered. The 
filtrate, which contains the guanidine thiocyanate, is evaporated 

XV * ^P^nses connected with this work were defrayed by a grant from 
the Medical Research Committee. 

^ Levene, P A., and Senior, J. K., J. Biol. Chem., 1916, xxv, 623. 

Dehtsch, G., J. prakt. Chem., 1874, ix, 2. Volhard, J., ibid.^ 1874, ix, 
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Fig. 1. Crystals of guanidine picrate. Microphotograph. X 50. 



Fig. 2. Crystals of guanidine carbonate, produced by the p 
scribed. Camera lucida drawing. X 20. 



J. Smith Sharpe 
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to dryness and weighed, and for every one part of the thiocyanate 
present, 0.58 part of potassium carbonate is added, with suf- 
ficient water for solution. The whole is then evaporated once 
more to dryness. The potassium thiocyanate is then removed by 
repeated treatment with 90 per cent ethyl alcohol, decanting off 
after each addition, until a drop of the supernatant liquid fails 
to give a red color with perchloride of iron. Crude guanidine 
carbonate is obtained by this means, as it is insoluble in alcohol. 
It can be further purified by dissolving in a small quantity of 
water and adding 90 per cent alcohol to about five or six times 
the original volume, and allowing to settle, when pure guanidine 
carbonate crystallizes out. 

Free guanidine may be obtained from this salt by treatment 
with the theoretical quantity of dilute sulfuric acid and barium 
hydroxide, but for convenience in use and preservation, the car- 
bonate is the best salt. 

Yield . — 100 gm. of ammonium thiocyanate yielded 15 to 20 
gm. of pure guanidine carbonate. 


Tests of Purity, 


1. Precipitation with sodium picrate: 0.1 gm. of prepared salt gave 0.168 
gm. of picrate; theoretical 0.160 gm. 

2. Nitrogen content of guanidine picrate formed. 


N, 


Calculated for 
CHsN, CaHiOiNi: 
29.11 


Found: 
a. b. 

29.50 28.77 


^ 8. Titration with 0.1 n sulfuric acid: 1 cc. 0.1 NH2SO4 = 0.009 gm. guani- 
dine carbonate. 0.18 gm. taken (indicator, methyl orange) required 20.01 
cc. of acid; i.e., 20.01 X 0.009 = 0.18009 gm. guanidine carbonate. 




PROTEINS OF THE CENTRAL NERVOUS SYSTEM. 

By h. h, McGregor.* 

{From the Biochemistry Laboratory of the University of Illinois, Urbana,) 
(Received for publication, November G, 191C.) 

INTRODUCTION. 

Although many workers have applied themselves to the eluci- 
dation of the chemistry of the nervous system, complete quali- 
tative and quantitative studies of the prqteins of the brain and 
nerves are lacking. This is due in great part to the impossibility 
of extracting from the fresh moist tissue more than a very small 
fraction of the total protein present. Even the examination of 
such extracted protein is attended with difi3.culties presented 
by the tenacity with which hpoid substances and inorganic salts 
are held by the proteins, making the problem of purification a 
serious one. The ease with which protein substances undergo 
change in the presence of solvents used for their extraction or in 
process of separation and purification further involves the prob- 
lem. At the basis of a complete qualitative and quantitative 
analysis of the proteins lies the necessity of separating the proxi- 
mate constituents of the tissue. This must be performed in 
such a way that the properties of the proteins may be unchanged. 
The present research has for its object the elaboration of a method 
that would accomplish the isolation of the individual proteins, 
and the application of such a method to the investigation of the 

* At the time of his death Mr. McGregor was continuing certain phases 
of the investigation on the proteins of the brain. He had planned an 
elaborate study of his problem, involving not only a complete characteriza- 
tion of each protein but their amino-acid contents. In the development 
of this work he displayed unusual initiative; many of the points discovered 
were due to his independent study of them. In preparing his reports 
for publication his ideas and language have been scrupulously kept, though 
some of the matter reported is obviously preliminary. 

C. G. MacAbthur. 
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characteristics and relative amount of the proteins in the central 
nervous S 3 ^tem. 

The relations of the proteins to the functioning of the nervs 
cells is not understood. About 37 per cent of the dry substance 
of human brain tissue consists of proteins, and it is therefore to 
be anticipated that proteins play a relatively important part in 
the specific activities of the tissue, ScoW and Macallum,^ in 
considering the nature of the Nissl substance of the nerve cells, 
regard it as axiomatic that an iron-holding nucleoprotein is 
necessary for the cell to carry on its normal function. 

In considering the protein problem, the possibility was in mind 
that the different divisions of the human encephalon might be 
found to contain different proteins, and that the different species 
in the animal kingdom might exhibit characteristic differences in 
their brain proteins. Evidence of such modifications of sub- 
stances has been gained by Reichert and Brown^ in investigating 
the bloods of different animals. 

The excellent method devised by Koch^ for the estimation of the 
proximate constituents of animal tissues is the most efficient 
analytical scheme available for tissue work. It should be pointed 
out that this method is limited in its possible significance by our 
inadequate knowledge of the individual proteins. However, 
on the basis of the investigations of Halliburton,® Levene® and 
Ewald and Kixhne/ on individual proteins Koch has divided the 
proteins into three fractions, simple proteins, nucleoprotein, and 
neurokeratin, the division in the case of the first two substances 
being accomplished by calculations based on the phosphorus 
content of the nucleoprotein. In the method of Koch the as- 
sumption is made that the proteins reported by Hallibu^n, 
together with the neurokeratin discovered by Ewald and ® 
constitute all the proteins of the central nervous S 3 ^tein. 


1 Scott, F. H., Tr, Canarfmn Insixluiej IS99, vi, 405. ^ ^ , 

* Macallum, A. B., Proc* Roy. Soe. Canada^ 1908, Series 3, ih ec 


» Reichert, E. T.. and Brown, A. P., The crystallography of 
Cornegic InslUulion of Washington, Publication No. IIS, mu. 

‘ Koch, W., /. Am. Chem. Soc., 1909, xxxi, 1329. 

‘ Halliburton, W. D., /. Physiol., 1894, xv, 90. _ 

» Levene, P. A., Arch. Neurol. Psychopath., 1899, ii,i- 
r Sd, A., and Ktihne, W., Vcrhandl. naturh.-med. Vercns, 1877, ., 
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fact that by HaUiburton’s method less than 3 per cent of the 
total protein can be isolated, ^hile neurokeratin represents about 
15 per cent of the total proteins, makes it uncertain that the 
unextracted protein possesses the same characteristics as that 
actually separated. Yet our knowledge of the quantitative re- 
lations to the total proteins of so important a substance as nucleo- 
protein is based on two phosphorus determinations by Levene® 
on a nucleoprotein obtained from sheep brains by a modification 
of Halliburton’s method. It was hoped that information gained 
from a complete protein analysis would furnish a basis for the 
extension of the method of Koch. 

expehimentaIi. 

The ^^Direct Solution^^ Method, 

In previous investigations on the proteins of the brain the 
value of the results is greatly minimized by the fact that the 
proteins are accounted for so incompletely. In the present in- 
vestigation the first attempts to isolate the proteins were made 
by experimenting with the solvent action of various salt solutions 
on the moist sheep brain tissue. In so far as this tissue had been 
studied by chemical methods the results had shown great simi- 
larity to those from human brain tissue. On account of this 
fact, and also in view of the availability of absolutely fresh sheep 
brains, this tissue was adopted for preliminary study, m/10 
solutions of the following substances were used as solvents: 
NH4CI, (NH4)2S04, BaCb, CaCh, MgS04, K2S04,KA1 (804)2, KCl, 
NaC2H302, NaHCOa, NaiCOs, NaCl, NaOH, Na2B407, NaKC4H408, 
Na2S04, ZnS04, Al2CS04)3. 

Following the method of Halliburton, 100 gm. of fresh tissue after minc- 
ing in a meat grinder were macerated for 24 hours at room temperature 
with 2 liters of the above solutions, thymol being added as an antiseptic. 
The turbid liquid was filtered through a Buchner funnel with the aid of 
filter paper pulp. Examination of the filtrates showed that in the case of 
the neutral or alkaline solvents, addition of weak acetic acid produced a 
precipitate, which is equivalent to Halliburton's ^'nucleoprotein." After 
filtering off this first precipitate, a second amount of protein was secured 
^ boiling the solution. The markedly acidic solvents, like ZnSOi and 
KAl(S 04 )i yielded slight precipitates on neutralization, which were soluble 
m excess of dilute alkali or acid. Later experiments showed this material 
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to be an acid metaprotein produced by long contact of the tissue mth the 
acid solutions. When solutions of weakly acid salts like MgSOi were used, 
the protein not precipitated by acetic acid was fouhd to be present in 
smaller quantity than in the solutions of neutral salts, and if the filtrates 
from the nudeoprotein were allowed to stand for 24 hoiirs in contact with 
weak acetic acid, the second protein fraction in large part disappeared. 

The quantity of protein extracted was estimated by nitrogen 
determinations on measured volumes of the clear filtrate; 

1. N determination on first filtrate gives total N. 

2. N determination on Solution 1 after precipitation with acetic acid; 

1-2 gives nudeoprotein. 

3. N determination on filtrate from 2, after boiling: 2-3 gives acid-sol- 

uble protein. 

The following table shows that there are no very marked differ- 
ences in the solvent properties of the individual neutral salts, 
the amount of protein extracted being about 1 per cent of the 
weight of the original moist tissue. The alkaline solvents 
extracted a larger quantity of protein. 


Nitrogen from 100 Gm, of Moiei Tissue,, 


Solvent. 

Total N. 

Nucleofirotein 

soluble N. 

MgSO« 

0.509 

I'm. 

0.160 

gm. 

0.05 

NaCl 

0.480 

0.131 

0.047 

KjSO^ 

0.558 

0.165 

0.043 

KCl 

0.544 

0.181 

0.044 

NaCiHsO. 

1 0.450 

mem 

0.056 

NaHCOa 

1 0.698 

0.191 

0.071 

NaOH 

1.5 

0.507 

0.061 


0.262 


0.034 



KAl (S04)i 

0.670 

0.0 

0.114 


The above method of obtaining the proteins by direct extrac 
tion of the moist tissue was found to have many disadvantages 
that render it inapplicable to the quantitative study of nervo 
tissue proteins. These disadvantages may be briefly state ^ 

1. Small yield of protein. fmnbles 

2. "Difficulty of filtration. This is one of the chief t “ 
encountered in the extraction of proteins, whether o p 
animal origin. Various means, such as that suggested y 
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borne,® have been used to overcome it. The attempt was made 
to clarify the solution by means of aluminium cream, and by 
centrifuging, but so great a loss of protein occurred through 
occlusion or adsorption in the precipitate that these means were 
abandoned. Levene’s® method of removing the suspended mate- 
rial by shaking with ether was not found to be very efficient. 

3. Length of time required for extraction. 24 horns is re- 
quired for extraction, and a sunilar period for precipitation and 
filtration. This gives opportunity for bacterial and hydrolytic 
changes. 

4. The presence of lipoids in the precipitated protein. Halli- 
burton reports lecithin as the most abundant impurity, while 
Levene states that "'it is next to impossible even after continu- 
ous extraction with hot alcohol and ether during several weeks 
to get the product in such a condition that the evaporated alcohol 
or ether would leave absolutely no residue.” 

The Method of Drying and Extraction of Lipoids, 

In view of the unsatisfactory results obtained by the above 
method of direct solution of the moist tissue, it was thought 
advisable to remove the lipoids as far as possible, in the hope 
that the proteins would thus be rendered more soluble, and the 
quantity of impurities minimized. This made it necessary to 
dry the tissue to prepare for the removal of lipoids by organic 
solvents. An objection that in the dr3dng process similar changes 
might take place to those which vitiated the direct solution method 
was a serious one, and therefore to avoid all possibility of change 
in the tissue except that caused by loss of water, the following 
procedure was used. 

Fresh sheep brains were ground in a meat chopper and spread in thin 
layers on large watch-glasses, then placed in a desiccator containing 
CaCh. The desiccator was surrounded by a freezing mixture. After 
the tissue was frozen the desiccator was continuously evacuated by a 
water pump for about 40 hours, by which time the tissue was found to be 
dry. It was ground in a mortar, then 20 gm. of the powder were treated 
with 300 cc. of benzene and the mixture was shaken in a glass-stoppered 
bottle on a mechanical shaking apparatus driven by a J horse power motor. 
After shaking for 3 hours, the yellow benzene extract was filtered off and 


« Osborne, T. B., and Campbell, G. F., J. Am. Chem. Soc., 1900, xxu, 
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a second and third extraction made. After three periods of agitation the 
residue was dried and weighed, the product being a nearly white powder 
which weighed 70 per cent of the weight of the original dry tissue. Further 
extraction with benzene yielded insignificant quantities of lipoids. Por- 
tions of the protein residue were shaken with water and with salt solutions, 
when a very great increase in solubility over the original moist tissue was 
noted, about 6 per cent of the original dry tissue being extracted as protein. 


One of the difficulties inherent in the old method remained, 
however, in that the aqueous solutions contained much material 
in suspension and filtered very slowly. It was thought that a 
completer extraction of the lipoids would prevent this turbidity, 
and a systematic search was made for a solvent that would re- 
move the maximum amount of lipoid by cold extraction. By 
conducting the benzene extraction at a temperature of about 
40° the percentage of lipoid extracted was increased to about 
40 per cent. Various mixtines of organic solvents, such as ace- 
tone, pyridine, or absolute alcohol, in benzene, were also found 
to be more efficient than pure benzene. The following table 
shows some of the solubilities of lipoids in the different solvents 
experimented with. Different samples of tissues were used in 
the various cases, but the general increase in sohibility when 
alcohol is added to the benzene is shown clearly. 


Solvent. 

Dry tissue 
before 
extraction. 

Hesidne after 
extractioi^ 

Lipoid. 

Benzene 

a 





ffm. 

40,7 

ffm. 

28.8 

pgr 

29.2 





200 

131.5 

34.2 

u 





66.2 

44.8 

32.8 

a 





50 

36.2 

27.6 

a 

at 40 

o 



20 

12.25 

38.75 
38.05 
30.9 

27.75 


“ 4n 

|0 



63.5 

39.34 

4 / 

in nfir 1 

20 

1 13.85 

<t 

S' 

10 

5 

it 

tt 

aniline* 

i 20 

! 14.45 

u 

« 

it 

alcohol 

20 

11.20 

44 

42.65 

45 

43.2 

43.8 

tf 

5 

t( 

it 

tt 

20 

11.49 

(t 

5 

ft 

ft 

it 

20 

11.00 

tt 

15 

25 

tt 

tt 

tt 

20 

11.36 

a 

tt 

tt 

it 

20 

11.25 

- . 1 A* Vvpnzene 


Thus a 5 per cent solution of absolute alco o i 
lomd to extract m 10 hours about 45 per cent of the dry 
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That this solvent does not interfere with the solubility of the 
proteins is shown by the following experiment. 

Three similar samples of air-dried sheep brain were extracted with 
different solvents, (1) benzene, (2) equal volumes of benzene and acetone, 
(3) 5 per cent absolute alcohol in benzene. The residues after complete 
extraction were shaken with solutions of 2 per cent NaCl, equal volumes of 
the filtrate were coagulated by heat, and the protein coagula weighed. The 
following table summarizes the result. 


Xapoid solvent. | 

Dry 

tissue. 

1 Tissue 1 
after 
' lipoid 
extraction. | 

Lipoid 

extracted. 

Protein 
extracted 
by NaCl. 
Dry 

tlBSUO. 

1 

fftn^ 1 

ffm, 1 

per cent | 

percenf 

Benzene 


13.62 

32.4 

5.04 

Benzene-acetone 

20 : 

13.25 

33.7 1 

5.25 

Benzene-alcohol 

j 20 

10.23 

48.8 

5.04 


The benzene-alcohol mixture, although extracting a much larger 
quantity of lipoid, does not cause a greater amount of protein 
to become soluble. It may be supposed that the 5 per cent pro- 
tein obtained represents the amount of protein in the tissue that 
is soluble in neutral solvents. This point will be further con- 
sidered when the quantitative relations of the proteins are dis- 
cussed. A solution of 5 per cent absolute alcohol in benzene was 
adopted for removal of Kpoids, and will be termed the lipoid 
solvent.^^ 


The difficulty of filtering the aqueous extracts was noticed 
to increase when the temperature of the solvent water approached 
the temperature of the room. Recourse was made to cooled 
water for use in extraction, and with this expedient a nearly 
clear solution was obtained upon extracting the tissue, which 
filtered very readily through a Buchner funnel, using ordinary 
filter paper. ^ 


By the use of the freezing method above described it is possible 
to work with only small amounts of material. This method is 
free from objection as far as its effect on the tissue is concerned 
and may therefore be used as a check on the air-drying method 
nere described for preparmg large quantities of tissue. 

quantities, hashed brain tissue after addition of 0.1 per 
cent thymol was spread in thin layers on large glass plates, which wL 
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placed on shelves in a drjdng chamber through which air was drawn by an 
electric fan. By turning the tissue frequently so as to prevent film for- 
mation, drying can be accomplished in 20 hours, or in less time, depending 
upon the thickness of the layers of tissue. The material can then be 
powdered and desiccated over CaCU in vacuo to remove the last traces of 
moisture. To compare the solubility of the proteins obtained by the 
freezing and air-drying methods, hashed sheep brain was divided into two 
portions, one of which was dried by the freezing method, the other in the 
air chamber. The dried tissue was then thoroughly extracted with the 
lipoid solvent. 3 gm. portions of the vacuum-dried and air-dried material 
were shaken with 300 cc. of 2 per cent NaCl, and two 50 cc. portions of 
each of the clear filtrates were taken for total protein determination. 


j 

Protein in 50 cc- 

Vacuum-dried. 

Air-dried. 

Precipitated by excess alcohol 



Coagulated by addition of acid at boiling point. . 


This estabhshed the fact that air-drying does not affect the 
protein of the tissue to any appreciable extent. 

Preparation of Tissue by Lipoid Extraction Method, 

Through arrangement with Armour and Company, Chicago; 
sheep brains from animals killed on the day of shipment wore 
packed in ice and expressed to this laboratory, 24 hours being 
consumed in transit. The tissue was in excellent condition, an 
was free from blood except that contained in the pia mater. 
Lesem and Gies® used sheep brain tissue received 24 hours a or 
the death of the animals, and report that no appreciable changes 
in the tissue could be shown to have taken place in this s or 
period. 

To test further this question of possible change in the 
ot a dog removed from the skull 7 hours after 

sectioned along the longitudinal fissure, and one-half ® of the 

in the air dryer, the tissue drying in 3 hours, usual way. 

brain was left for 3 days in a refrigerator, then dne grtiona of 

Each half was extracted separately with benzene, — - — 

* Lesem, W. W., and Gies, W. J., Am. J. Phyaiol, 1902-03, nii, 183. 








H. H. McGregor 


411 


the residue extracted with 800 cc. of 10 per cent MgS0«. Nitro^n deter 
minations on equal volumes of the filtrates before and after coaplation of 
the proteins were made, to compare the amount of protem in the two 
extracts. The results are as follows: 



yrtsh UsaMC. 

Stale tissue. 


0 m. 

28 

5.9 

4.1 

0.0077 

0.0041 

pm. 

28 

5.9 

4.1 

0.0079 

0.0043 


« « benzene extraction 

M'lfvnrro-ri 1T» PP bpiOTG boilinE 

nft.pr hnilinET. 


■p'pfsV.M'n in cc 

0.0036 

0.003G 




This shows that if the tissue is carefully preserved in a cold 
place very little change takes place in the solubility of the protein. 


The brains as received from Chicago were sectioned into three portions, 
cerebrum, cerebellum, and the medulla with the pons and optic lobes. 
The tissue from the cerebrum was used in all the following experiments, 
except where otherwise stated. A very simple and effective means was 
used to remove the pia mater with blood vessels. A single cerebrum was 
placed in a mortar and gently tapped with a pestle until the membrane 
was loosened. The entire membrane could then be picked up with forceps 
and removed. Occasionally portions of the more closely adherent mem- 
branes remained, but these small amounts were removed by sieving the 
tissue after drying. The membrane- and blood-free tissue was passed 
through a meat grinder, mixed thoroughly with 0.1 per cent thymol, and 
spread in thin layers on glass plates which were placed in the drying cham- 
ber, After drying, the tissue was shaken with the lipoid solvent (1 liter 
to 100 gm.), filtered through cheese-cloth, dried from benzene in the air 
dr 3 rer, ground in a coffee mill, and passed through a 20-mesh sieve. Small 
amounts of membrane which had not been removed from the original 
tissue were retained on the sieve. The powdery product was next ex- 
tracted for two S hour periods with the lipoid solvent, when a yellow, 
nearly odorless powder resulted on drying, which yielded only traces of 
lipoids when further treated with the solvent. As is usually foimd with 
dry protein powders, the product was extremely hydroscopic. If allowed 
to remain exposed to the air of the laboratory it rapidly took up water, 
gaining about 10 per cent in weight without at all losing its powdery ap- 
pearance,^ Such moisture-containing protein slowly decomposed, as could 
bo recognized by the development of slight odor and the change of solu- 
bility shown by the proteins. The protein powder thus prepared was kept 
in a vacuum desiccator over CaCh and can thus be preserved for months 
without apparent change in its properties. 
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General Method of Studying the Proteins. 

Various groups of proteins may be differentiated from others 
by differences in tbeir solubilities. By the use of different sol- 
vents, it ms proposed to divide the proteins into groups, then 
investigate the character of the protein or proteins in each group. 
The solvents used were water, aqueous solutions of neutral salts, 
acid solutions, alkaline solutions, and alcohol. On account of 
the finding by Ulpiani and Lelli^° of a nuclein extracted by chloro- 
form, extracts were also made with this solvent. 


Proteins Extracted by Neutral Solvents. 


Solutions of the protein powder were made in 2 per cent NaCl, 2 per 
cent NajS 04 > 10 per cent MgSO^, and in distilled water. The solvent was 
first cooled to about 10®, then shaken with the powder for J hour on the 
mechanical shaker. The resulting solution was strained through cloth, 
and the nearly clear liqvdd could then be filtered through ordinary filter 
paper in a Buchner funnel in about § hour. The importance of letting the 
tissue stand for as short a time as possible in contact with the solvent was 
shown by extracting 12 gm. of the protein powder with 1,500 cc. of dis- 
tilled water. Three 100 cc, portions of the filtrate were taken, the first 
portion coagulated by heat, and the protein weighed. To Portion 2 were 
added 10 gm. of MgSO^, and the solution placed, together with Portion 3, 
in a refrigerator, and left 48 hours. The protein was then estimated 7 
heat coagulation, and in each case less protein was fo\md in the solutions 
which had been allowed to stand. _ . 


Portion 1. Aqueous solution, 
“ 2. MgSO* “ 

3, Aqueous " 


gm. 

.0.0816 

,0.0735 

O.OS07 


It is seen that the presence of the slightly acid salt Mg < 
accelerates the decomposition of the protein. 

The solutions of the proteins prepared as above describe w ^ 
studied by precipitation of the protein with weak ace 
total heat coagulation, fractional heat coagMation, 
salting out, precipitation by alcohol, and b}’- dialysis. 

a. Precipitation by Acids— It had been observed 
ton* that from solutions of brain proteins a of salt 

down upon addition of weak acetic acid, in to 

10 Ulpiani. a, and Lelli, G., Gar.. cMm. afab, 1902. .xx^ii. 466. 
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extracts he sho^ved the presence of protein material in solution 
precipitation ™th acetic acid, but .hen ^ 

was used as a solvent, no such protein rvas found Th^®"^ 
were confirmed in the present work in using the 
extracted tissue, with this important exception that the _s 
tilled water solution held protein in solution after acetic acid 
precipitation. That is, the behavior of the distilled water_ solu- 
tion L quite similar to that of the salt extract. The ^^um 
concentration of acetic acid required to produce 
solutions of Hpoid-extracted tissue was 0-05 P®r cent for 2 per 
cent NaCl solutions, and 0.02 per cent for distilled water. The 
bicher concentration which Halliburton found it necessary to 
use, 0.15 per cent, is perhaps attributable to the protective 

action of the lipoids present. _ . - j 

In comparing the ratio of protein precipitated by acetic acid 
to that left in solution when different solvents were used, it was 
found that the ratios depend on the concentration of acid used 
and on the medium in which precipitated. 


This fact was observed by making a distilled water solution of the 
protein powder, 30 gni, to 1,000 cc. of water. The clear filtrate was di- 
vided into four equal parts. Part 1 was coagulated by heating to boiling 
in the presence of a trace of acid, and the total protein weighed. To 
Part 2, NaCl was added to make a 2 per cent solution; to Part 3, 
was added to 10 per cent concentration, and Part 4 was left without salt 
addition. Each of Solutions 2, 3, and 4 was divided into two equal parts 
and different amounts of acetic acid were added. The precipitates were 
filtered off and weighed, and the protein in the filtrate coagulated and 
weighed. The following table shows the weights of the two fractions 
obtained, expressed in terms of gm. of protein from equal volumes of 
original solution. 


Solution, 

Concen- 

trated 

HCjHjO:. 

Protein 

precipi- 

tated. 

Protein in 
6\trate. 

Total, 



gm. 

gm. 

gm. 

pm. 

1. 

Water 




0.1045 

2. 

2 per cent NaCl 


0.0615 

0.0163 

0.0778 




0,0544 i 


0.0861 

3. 

10 per cent (NEi)iSOi 

1 

0.0912 


0.0912 




0.0516 

0.0431 


4. 

Water 


0.0376 

, 0.0620 

0.0996 



, 

0.00 

mm 

0.0951 

1 
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It is apparent from the above table that no constant protein 
fraction is split off by acetic acid; and it is further significant 
that after treatment with acid the total protein is not recovered 
in the two fractions. The fact above noted as an exception to 
the finding of Halliburton, that distilled water holds a portion 
of the protein in solution after acid treatment, may here receive 
an explanation. In the older method, the acid used to precipi- 
tate the so called nucleoprotein was allowed to remain in the 
solution in contact with the soluble protein, and hydrolysis 
changed this protein over to metaprotein. This assumption 
has been tested on the lipoid^extracted tissue by allowing a solu- 
tion from which a precipitate had been obtained by acetic acid 
to stand for a day, when it was found that a large proportion 
of the soluble protein had been changed to metaprotein and was 
precipitated on neutralization. It is evident therefore that the 
acid-soluble protein varies in amount according to the means 
taken to obtain it. The fact that it is soluble in distilled water 
is proof that it is not in any sense a true globulin, 

6. Total Heat CoagxLlaiion , — The changes produced in the 
protein by small concentration of acid or change of medium are 
paralleled b3’’ changes produced by heat coagulation from differ- 
ent solvents. 

MgSO<, NaCl, and distilled water extracts were made and the protein 
coagulated by addition at the boiling point of sufficient acetic acid 
the concentration 0.01 per cent, this being the minimum concentration 
at which complete agglutination and precipitation would take P 
Phosphorus determinations on the precipitated protein were made- nin 
of the values obtained from protein coagulated from different solven s a 
as follows : 


Phosphorus, 


^ 

HiO 

NaCl 

McSOi 

per cent 

per cent 

^er cent 

0.1557 

0.0537 

0.1538 

0.171S 

0.0756 


0.1395 

0.0725 


0.1793 

0.0663 



0.0S33 



0.0560 
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It is seen that the phosphorus content of the protein depends 
upon the method of isolating it from solution. 

c. Fractional Heat Coagulation.— A 2 per cent Na^SO^ solution of the 
protein "was madej to which were added 2 cc. of 1 per cent lactic acid per 
100 cc., to agglutinate the protein when coagulation occurred. Five 25 cc. 
portions of the solution were placed in a water bath at an initial tempera- 
ture of 45°. After 5 minutes Tube 1 was withdrawn and immediately 
placed in ice to cool. The temperature of the bath was raised to 50° for 
5 minutes, at which point Tube 2 was removed. The heating was con- 
tinued for 5 minute periods at the temperatures noted in the table below. 
After cooling, the precipitates were filtered off and weighed. 


No. of 5 min. periods heated. 

Temperature. 

Weight of coagulum. 


"C. 

gm. 

1 

45 

0.0170 

2 

50 

0.0280 

3 

55 

0.0360 

4 

60 

0.0440 

5 

70 

0.0510 


Another experiment using a solution of different concentration, where 
the heating intervals were 10 minutes, is noted. 


No. of 10 min. periods heated. 


Temperature, 


“C. 


Weight of coagulum. 


om. 


1 

2 

3 

4 

5 

6 

7 

8 
9 


42.5 
45 

47.5 
50 

52.5 
55 

57.5 
60 

62.5 


0.0100 

0.0215 

0.0280 

0.0300 

0.0340 

0.0350 

0.0385 

0.0400 


Smil^ experiments have been repeated a number of times 
with substantially the same result, showing that a progressive 
coagulation takes place, no temperatures being noted at which 
excessive coag^ation occurred which would point to the presence 
of a protem differmg from the remainder of the solution. The 
phenomenon here observed is in accordance with the work of 










416 


Proteins of Nervous System 

Chick and Martin'^^ who have shown that the heat coagulation 
of proteins is a reaction the velocity of which varies considerably 
with different proteins, and according to the acidity or salinity 
of the solution. It would appear from the data given above 
that the protein in solution is an individual and not a mixture. 
If the data of Halliburton are examined in the light of such 
studies on velocity of coagulation, the separation of three pro- 
teins by means of fractional heat coagulation may be ^ven 
this same interpretation; f.e., that the protein is a simple one 
and not three. The details of the method for fractional coagu- 
lation are not reported in Halliburton’s paper describing the 
brain proteins; but in a previous study of serum albumin and 
serum globulitf^ ^ method is described which presumably was 
followed in the case of nervous tissue. 

The solution to be coagulated was made slightly acid by the addition of 
1 cc. of 2 per cent acetic acid to each 100 oc. With regard to the length 
of time which a liquid has to be kept at any given temperature to ensure 
complete precipitation of the proteid at that temperature, it has been 
found that 5 minutes is as a rule suf&cient.’’ It is obvious from the above 
data and from the work of Chick and Martin that at any temperature a 
precipitate may be obtained, and if 5 minutes is given for a precipit^lo 
to form, the division into three proteins is easily explicable. The presence 
of considerable quantities of lipoids may also affect the speed and tem- 
perature of coagulation. This does not, however, furnish an explanation 
of the finding by Halliburton of only traces of phosphorus and nuclein in 
the fractions coagulated at 45® and 75°, while the 56° coagulating 
was rich in phosphorus and nuclein. Halliburton's data on the presence 
of nuclein are as follows; 


Co&gvil&Uow tcrapctalUTO. 

1 

Nuclein alter gastric digestion^ ^ 

**0. 


per cent 

47 


2.13 

56 

i 

6.26 

75 


Imponderable. ^ 


d. Fractional Sailing OuJ.— Fractional salting out 
SO 4 was done using solutions of proteins made wit 


water and with 2 per cent NaCl. 

u Chick, H., and Martin, C. J., J. Physiol, 1910, xl, 404. 
I* Halliburton, J. Physiol,^ 1884, v, 162. 
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Five 200 cc. portions of the clear filtrates from each of these extracts 
were placed in 500 cc. measuring flasks, to which different amounts of a 
solution of 50 gm. of (NH 4 ) 2 S 04 in 100 cc. of solution were added. The 
solutions were then made up to 500 cc. and allowed to precipitate. 150 cc. 
portions were filtered off, and the protein was coagulated by heat; these 
coagula therefore represent the amounts of protein remaining in solution. 
The weights are given below under I. To 250 cc. portions filtered from each 
measuring flask 10 cc. of 1 per cent acetic acid were added. The weights 
of precipitates thus obtained are shown in Column II. 150 cc. of the fil- 
trate from II were coagulated by heat; the weight of coagulum is recorded 
in Column III. Column IV shows the sum of II and III, The weights 
of the various fractions are calculated, for ease of comparison, on the basis 
of the total volume, 500 cc. 


Solution. 

(NHi jSOi 
to 500 cc. 

I. 

Total. 

II. 

Acid- 

insolublo. 

in. 

Acid- 

Boluble. 

IV. 


cc. 

0771. 

gm. 

gm. 

0771. 


100 

0.3362 

0.1856 

0.1042 

0.2898 


150 

0.2926 

0.1476 

0.1026 

0.2502 

Distilled water 

200 

0.1866 

0.0710 

0.0878 

0.1588 


300 

0.1144 

0.0280 

0.0476 

0.0756 


300 

0.0536 


0.0274 

0.0274 


100 

0.5770 

0.3082 

0.1888 

0.4970 

2 per cent NaCl ^ 

150 

0.4960 

0.2756 

0.1832 

0.4588 

200 

0.3640 

0.1862 

0.1586 

0.3448 


250 

0.2280 

0.0940 

0.0978 

0.1918 


300 

0.1056 

0,0320 

0.0510 

0.0830 


^ It will be seen from Column I that this precipitation is of a 
similar additive nature to the fractional heat coagulation process. 
Colvmns II and III show increased amounts of protein precipi- 
tated with rising concentrations of (NH4)2SO„ and confirm the 
inclusion from the data given on page 414 , that on treatment 
TOth acid the total protem is not recovered in the' two fractions. 
The ratios of precipitates shown by Columns II and III are not 

tit decrease of both sets of quanti- 

ties with increased concentration of salt points to the probable 

prince of a i^t substance before precipitation; the disparity 
i rL t fir - fte Hght of the res* 

assumption that the protein 

a mtae and^ individual and not 

mixture, and that on treatment with acetic acid a cleavage 
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takes place, yielding a soluble and an insoluble protein product, 
while a third part of the original protein is not precipitated on 
boiling the solution. 

Qualitative fractional salting out e-x-periments with anhydrous 
NsiSOi at 30°, where the relative volumes of the precipitates 
were noted, gave the same results as the above, the precipitates 
gradually increasing with rising concentration of 2s’a;S0<. The 
results of two e.\'periments in wliich NaCl extracts were salted 
out with (NH 4 )!:S 04 are given below. In E.xperiment I, cerebral 
tissue from beef brains, treated similarly to sheep tissue, wss 
used. 40 cc. samples of the axtracts were taken, to which were 
added different amounts of 50 per cent solution of (NHiljSOj, 
then made up to 100 cc. After precipitation, equal A’olumes of 
the filtrates were coagulated, and the weight of protein obtained. 


Experiment E 


Experiment H* 



Two criticisms of the conclusions of Halliburton emerge fre® 
these data: first, that fractional salting out does not necessar y 
yield different products, as was assumed from the fact t 
MgS 04 jdelded precipitates at different concentrations.^ ^ . 

to be noted that no vei^' definite line separated the 
tained by Halliburton by fractional salting out. 
fractions separated out at the following concentrations. 
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The second objection lies in the effect observed when varying 
concentrations of acid are used, inconstant amounts of protem 
being precipitated. On this account it is impossible to assume 
that the protein precipitated represents a definite substance 
which existed preformed in the tissue and is wholly precipitated 
by weak acids. Levene® showed that the nucleoprotein obtained 
by him was extremely unstable: it rapidly lost its initial solubility 
in dilute alkalies and could therefore not be easily purified by 
this method. A small quantity which was dissolved in weak 
0 . 1 k-a. 1 i and reprecipitated, immediately after the first precipitation 
with acetic acid, showed a phosphorus content of 0.45 per cent 
as compared with 0.56 per cent before such treatment. 

c. Precipitation by Alcohol — ^The differences exhibited by the 
proteins when obtained by different methods suggested the 
possibility of getting the protein intact by avoiding the use of 
heat or acid in separating it from solution. It was found that 
two volumes of alcohol added to one of the distilled water exiiract 
would cause ready separation of the protein. On determining 
the phosphorus content of such precipitates, a marked increase 
was found over the protein prepared in other ways, the phosphorus 
content varying from 0.7 to 1.2 per cent in different samples. 
Very little of this phosphorus could be removed by extraction 
with hot ether and alcohol, showing that the excess phosphorus 
was not due to phosphatides. By repeated extraction of the 
alcohol-precipitated protein with water, however, the phos- 
phorus content was reduced to 0.11 per cent. Other analyses 
gave values between 0.11 and 0.14 per cent. The water con- 
tained phosphates directly precipitable by molybdate solution, 
but yielded a greater amount of phosphorus to molybdate solu- 
tion after oxidation with nitric and sulfuric acids, showing that 
part of the phosphorus was in organic combination. A portion 
of the water extract was evaporated to dryness; the residue 
contained, in addition to inorganic salts, a small amount of organic 
material which was not again soluble in water, and which gave 
weak responses to protein color tests. The action of alcohol 
on the tissues apparently produces decomposition, and, further, 
results in the adsorption or occlusion of large amounts of phos- 
phates. The protein after precipitation by alcohol could not 
be redissolved, so attempts were made to dialyze the phosphates 
and other unpurities from the protein solution. 
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/• Dialysis . — 500 cc. of the extract were dialyzed in a parchment vessel 
for 2 days against running water, a small quantity of thymol being added 
as a preservative. The protein was then precipitated by (NHdiSOi, 
when phosphorus determination showed a content of 0,718 per cent. 

Part of this material was also tested for the presence of iron. 
Reference has been made earlier in this paper to the finding by 
histologists^ that the Nissl bodies in nerve cells contain iron, 
apparently in protein combination. There is no record in the 
literature of iron being detected in the proteins after separation 
and purification. To test the protein for this element, small 
amoimts were decomposed (1) by incineration in a porcelain 
crucible and (2) by oxidation with nitric acid. Control experi- 
ments were run, which gave negative results when tested with 
K4 Po(CN) 6 and KCNS. The solutions obtained from the de- 
composed protein, however, yielded unmistakable precipitates 
of Prussian blue and red coloration with thiocyanate. The 
test for iron has been applied to the protein separated by coagula- 
tion and by salting out, and has always given a positive reaction. 


Proteins Extracted hy Acddic Solvent^, 

Acid extractions of the lipoid-extracted tissue were made with 

1 per cent acetic acid and with 5 per cent solutions of oxalic, 

citric, and boric acids. The clear filtrate in each of these cases 
yielded a precipitate when neutralized. That the protein thus 
obtained represents a decomposition product of true tissue 
protein was made evident by completely extracting some of the 
dry tissue with 2 per cent NaCl solution, then shaking the residue 
with the solvents above noted. In no case did any precipitate 
appear on neutralizing these acid filtrates. Fm-ther, ^ ^ t 

2 per cent NaCl solution 1 per cent of acetic acid be added and 
the solution shaken, a precipitate appears on neutraizmg* 
Reference is made on page 414 to the slow formation of mem- 
protein by permitting the distilled water solution^ of t c pro 

to stand in contact with weak acetic acid. TMs 
appearance of the “new protein” obtained by B ane y 
pressing fresh brain tissue to which bad been added P 

U Marie, A., Compi. rend. Sac. hioL. 1911, Ixx, 322, 459; 1911, Ixxi, 709; 
1912, Ixxii, 100, 528. 
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of acetic acid, and for which he proposed the name ^nlili/ssinc." 
It may be stated that such an acid metaprotein does not exist 
preformed in the brain. 

Proteins Extvcicted by Alholine Solvctiis, 

Tissue which has been extracted as completely as possible with 
dilute salt solutions or distilled water invariably yields protein 
to a weak ammonia solution. This had been pointed out by 
Levene, in the direct extraction of moist tissue. Levene con- 
sidered this protein as identical with the nucleoprotein extracted 
by dilute salt solutions. After thorough exi,raction With ammonia 
up to 1 per cent concentration, a further amount of protein is 
taken up by 0.5 per cent NaOH. The method of Schkarin'* 
for the extraction of “neurostromin” is based on this fact. The 
protein extracted by NH4OH or by NaOH is not precipitated 
upon neutralization, but rapidly deposits from solution when 
the acid concentration reaches 0.1 per cent acetic. No protein 
remains in solution after the precipitation by acid, in distinction 
from the nucleoprotein obtained from water extracts. Analysis 
of the protein after purification by resolution and reprecipitation 
shows a phosphorus content of about 0.6 per cent. A slight 
though definite reaction for iron is given by the purified substance. 
The protein is readily soluble in very dilute alkalies and does 
not lose this property even after continued standing in the pres- 
ence of acetic acid. In this it differs from the nucleoprotein 
that is soluble in distilled water. 


Extraction of the Tissue with Alcohol. 

In order to settle the question of a protein similar to the prol- 
amine group being present in nervous tissue, 10 gm. of the 
dried material were shaken with 300 cc. of 70 per cent alcohol. 
A shght residue on evaporation of the filtered alcohol gave nega- 
tive reactions to aU protein color tests applied. 

Schkarin, A. N., Inaugural Dissertation, St. Petersburg, 1902, i, 453. 
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Extraction of the with Chloroform. 

Extraction of the dry tissue with chloroform was carried out 
in view of the finding of Ulpiani and Lelli/^ confirmed by Steel 
and Gies^^ that the chloroform-water extract of fresh tissue 
contains nuclein. 30 gm. of dried tissue, before extraction with 
the lipoid solvent, was treated with 150 cc. of chloroform and 
shaken for ^ hour. To the yellow chloroform extract an equal 
volume of ethyl acetate was added, which produced immediately 
a pure white waxy precipitate. This precipitate was tested for 
protein in various ways, but all the tests, including Millon’s 
and biuret which Steel and Gies had found positive, were negative. 


Quantitative Relations of the Proteins. 

It has been shown above that water and weak alkalies extract 
proteins from dried and lipoid-extracted nervous tissue, and 
from the means taken to obtain these substances it may be as- 
sumed that they exist preformed in the tissue and are not cleav- 
age products produced by the action of the solvents. It has 
also been shown that acidic solvents do not extract unchanged 
proteins. The quantitative relations of the proteins remain to 
be considered. 


Air-dried tissue from the cerebrum of the sheep brain, after thorough 
desiccation in vacuoj was quantitatively extracted with the lipoid solvent. 
The extracted material was ground in a mortar, then sieved through fine 
cloth until a nearly impalpable powder resulted. This was carefttHy 
dried in vacuo and a weighed sample taken for analysis. The ease vn n 
which the protein forms a sticky, unfilterable emulsion with solvents a 
room temperatures makes it imperative to work with solutions at abou 
10® when repeated extractions are to be made. In the following extiac 
tionB, ice water was used in each case, and it was found that the solution 
filtered readily after shaking for J hour. Three extractions of the weig^ ^ 
sample were made with distilled water, the residue being quantita . 
recovered after each extraction. The protein in the extract was 
by coagulating a measured volume in the presence of 0-02 per cen & 
add, and weighing. By evaporating to dryness j Qud 

the extract, the weight of the total extracted material was 
by difference the non-protein fraction calculated. 0.05 per cen 
was used to extract the residue from the third water extraction^^^^^^ 


Steel) M., and Gies, W. J., Am. J. Physiol.^ 1907-08, xx, 378. 
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protein in this solution was weighed after precipitation by ''‘Edition of 10 
cc of 1 per cent acetic acid to each 100 cc. of 

NHtOH was first treated with 0.05 per cent NaOH and the protein est i- 
Lted in the same way as from the NH.OH solution. The final residue 
was dried in the drying chamber, ground to a ^ 

with 0.1 per cent and then with 1.0 per cent NaOH, neither of which so - 
vents removed any further protein. The following table shows the result 
of the analysis. 


Solvent. 

Original dry tissue 

Protein. 

Non-prolcin. 


per cent 

4.17 

0.539 

0.0 

3.753 
5.906 ! 

per cent 

45.92 

10.1 

0.1 

0.0 

1.12 

G.32 


ft ?nd “ 

ft 3rd 

n 05 nor cenff T^TTjOTT . , - r 

0 05 “ NaOH 



14.368 

63.56 

63.50 

77.928 



The residue from these extractions was treated with hot alcohol under 
a reflux condenser for 24 hours, but no residue was obtained on evaporation. 
It was then oxidized with HNOa and H2SO4 for phosphorus determina- 
tion, 0.284 per cent phosphorus was found. The presence of phosphorus 
in the residue after complete extraction with lipoid and protein solvents 
is capable of several interpretations. First, it may be due to the presence 
of an insoluble phosphorus-containing protein. Second, it may be found 
that neurokeratin itself contains phosphorus, and, as suggested in the 
previous discussion of neurokeratin, the substance described by Ewald 
and Kuhne may be a product resulting from digestive action on a phos- 
phorus-containing protein which constitutes the true supporting tissue. 
Again, the protein may represent an unextracted protein which has be- 
come insoluble as a result of the processes to which the tissue has been 
subjected. 


PToteiTis froTfu DiffeTent Divisions of Sheep Brain. 

It has boeii stated that the brain tissue used in most of the 
experiments described in this paper was prepared from the 
cerebriun of the sheep. Qualitative tests were made to determine 
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whether the different divisions of the brain of this animal contain 
similar proteins. 

Four divisions of the brain were examined separately. The cerebrum 
was divided into two parts by section across the cruciate sulcus; also the 
cerebellum was separated from the medulla with pons and optic lobes. 
These four divisions were dried, extracted with the lipoid solvent, and the 
dry material was shaken with water and with salt solutions. Examina- 
tion of the solutions showed the presence of a protein that yielded a pre- 
cipitate with acetic acid and left a quantity of protein in solution which 
was coagulated on boiling. Thus the properties were similar to those 
exhibited by the protein from the whole, cerebrum. By extraction with 
weak alkalies a second yield of protein was obtained, which possessed the 
same characteristics, as regards stability towards acids and absence of 
splitting products, as the alkali-soluble protein from the cerebrum. 

Proteins from Nervous Tissue of Different Animals. 

The brains of several animals other than the sheep have been 
examined qualitatively with respect to the proteins present, and 
will be considered separately. 

Beef Brain . — Experiment I, page 418, shows the fractional 
precipitation by (NH 4 ) 2 S 04 of a saline extract of beef brain, 
where exact ly the same phenomena are observed as in the case 
of sheep tissue, and it may therefore be assumed that the protein 
of the beef brain soluble in neutral solvents is an individual sub- 
stance. The distilled water extract of beef brain also gives a 
precipitate with dilute acetic acid, and yields more protein on 
boiling the filtrate. That protein soluble in dilute alkalies is 
present was shown by completely extracting the 
2 per cent NaCl and subsequently shaking with dilute Nm 
The filtrate, on slightly acidifying with acetic acid, 
protein having the same general properties as the correspon i 

protein from the sheep brain. . . 

Dog Brain . — ^Data are given on page 411 on the extraction o ^ 
proteins from the brain of the dog. This tissue was es ® 
similar manner to beef brain. The distilled water 
a soluble and an insoluble fraction on addition o 
Dilute alkalies extracted from the tissue a protein corr 

to that of the sheep brain. 

Rabbit Brain. — IVesh brain obtained within a 
ate the death of the rabbit has been analyze or 


few minutes 
neutral salt- 


425 


H. H. McGregor 


soluble protein, and the result found positive. In the case of 
this tissue no subsequent extraction was made with dilute alkaUes. 

Human Brain.— k portion of the cerebrum from human bram 
tissue received about 48 hours after death was dried and the 
lipoids were extracted in the same way as from sheep brains. 


20 gm. of the air-dried tissue extracted thoroughly with 6 per cent ab- 
solute alcohol in benzene left a residue of 11.49 gm., or 57.45 per cent of 
the dry tissue. The lipoid-extracted material was shaken with 2 per cent 
NaCl. Weak acetic acid was added to a portion of the filtrate, when pro- 
tein material rapidly precipitated, and upon boiling the filtrate from this 
precipitate a further amount of protein was obtained. 


This corresponds exactly with the properties of the protein 
from sheep brain. After complete extraction with NaCl solutions, 
the human brain yielded protein to dilute alkalies, precipitable 
upon acidifying. 


DISCUSSION OF HESULTS. 

The activity of the central nervous system presents such a 
complexity of reactions, involving the structure and intercom- 
munications of ten billions of cells, and the constitution and 
properties of all the substances within the cells, that the relation 
of a single group of substances like the proteins to the integrated 
action of the tissue will be learned only through patient and per- 
sistent work on the problem. 

The properties, however, of isolated constituents may furnish 
a clue to their functions in the tissues. It is from this stand- 
point, in part, that the results here presented are to be considered. 
It is found that a protein substance of extreme lability is present, 
the properties of which show it to be especially reactive to slight 
changes in acidity or alkalimty. The transmission of the nervous 
impose along a fiber has been shown by Tashiro^® to be accom- 
panied by the production of CO2, and we may therefore assume 
that the change in the nerve cell body which results from the 
entrance of the impi^e might be initiated by a change in the 
H ion concentration in the cell substance. In the nucleoprotein 
escribed we may see, in the absence of more conclusive data, 

^^Tashiro, S., Avu. J. Physiol, 1913, xxxii, 107. 
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a substance possessing the instability requisite for quick response 
to such mild stimuli. 

The fact that histological evidence points to the presence of 
two phosphorus-containing proteins in the nerve cells, may 
possibly be related to the isolation of two such proteins, one 
substance being soluble in neutral media, the other requiring 
very small concentration of alkali for its solution. 

It is remarkable tliat the proteins obtained from the brains of 
various animals should be so similar in their properties as to give 
identical qualitative reactions. The same conclusion has been 
reached with regard to the inorganic constituents of brain tissue 
by Weil,'^ through a complete study of the ash of the human 
brain and that of the ox. He concludes that the psychical 
differences in the two species are due to different ratios of gray 
and white substance. In the case of the proteins, the absolute 
identity of the proteins in the different animals has not been 
shown; the significance of the quantitative method outlined in 
this paper lies in its application to the preparation of the various 
proteins, to permit of precise characterization. 


SUMMARY. 


I. A new method of preparing nervous tissue for quantitative 
study of the constituents, especially proteins, is described. The 
soluble proteins can be directly and completely extracted by 
suitable solvents, and quantitatively estimated. 

II. The proteins of the central nervous system are at leas 

three in number: . _ 

1. A phosphorus- and iron-containing protein soluble m 
tille*d water. It comprises about 5 per cent of the dry 
tissue. The properties of this protein may be summarize 
the following statements, (a) The protein extracted from J 
tissue by neutral salts or by distilled water is ^ pj 

a progressive, additive manner by increasing 
(NH4)2S04. (b) Fractional heat coagulation of sue s 

shows a similar additive coagulation of the protein, 
data point to the individual nature of the protein. U 
tein whether extracted by distilled water or by 

« Weil, A., Z. physiol. Chem.. 1914, Ixxxix, 349. 
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solutions shows the same general properties. No true globulin 
can he said to he present, (e) The protein is very unstable. In 
the presence of low concentrations of acid it breaks down, yield- 
ing at least three products, the natures of which are dependent 
on the concentration of acid used and on the medium in which 
the products are precipitated, (f) The protein when obtained 
by total heat coagulation varies in character according to the 
solvent from which it is coagulated, and the amount of acid used 
to effect coagulation, (g) The protein obtained by different 
methods has always given a slight though definite positive re- 
action when tested for the presence of iron, (h) The phos- 
phorus content is about 0.11 per cent. 

2. A phosphorus- and iron-containing protein soluble in dilute 
alkalies. Approximately 10 per cent of the dry tissue is present 
in this form, (a) The protein extracted by alkaline solvents is 
qualitatively and quantitatively different from that extracted 
by neutral solvents, (b) The protein extracted by alkaline sol- 
vents may be completely precipitated by the addition of acid, and 
the protein is not decomposed in the precipitation, (c) This 
protein contains 0.60 per cent of phosphorus. 

3. Supporting tissue, insoluble in neutral, acidic, or alkaline 
solvents. This makes up about 20 per cent of the original dry 
brain tissue. 

III. The brains of the ox, rabbit, dog, sheep, and man contain, 
in general, similar proteins. 

IV. The different divisions of the sheep brain contain similar 
proteins. 

V. The central nervous system does not contain preformed 
the “globulins” described by Halliburton.^ 

Acid metaprotein, described by Marie,** does not exist 
preformed in the brain. 




A NOTE ON THE INFLUENCE OF INOSITE ^ON THE 

excretion of phenol in the dog. 


By harry DUBIN. 

{From Ihe John Herr Musser Department oj Research Medicine, University 
of Pennsylvania, Philadelphia.) 

(Received for publication, November 27, 191G.) 

As a result of his work on the utilization of inositc, Anderson' 
:ound that in the dog, after feeding a known amount of inositc, 
he could recover in the feces up to 77 per cent of the amount, 
while the mine contained only minimal amounts. In man^ 9 
per cent was recovered in the urine while none at all could be 
demonstrated in the feces. The question as to what happens 
to the rest of the inosite is left open. 

In accordance with the belief that inosite is a hexahydroxy- 
benzene^ and that inosite undergoes bacterial fermentation in the 
intestine it seems plausible to consider the possibility that the 
benzene fraction may be split off, thus giving rise to phenol.^ 
Consequently it was thought worth while to try to demonstrate 
an increase in the phenol content of the mine after feeding inosite.^ 
The results of such feeding are shown in the table, and it is 
evident that no '^extra^^ phenol appears in the urine upon the 
ingestion of inosite, so that the role which this substance plays 
in metabolism is still in doubt. 


^ Anderson, B. J., J. Biol Chem., 1916, xxv, 391. 

^ Anderson, B. J., and Bosworth, A. W., J. Biol. Chem.y 191G, xxv, 399. 
^ Hamm ars ten, 0., and Kedin, S. G., Physiological Chemistry, New 
York, 7th edition, 1915, 579. 

* Folin 0., and Denis, W., J. Biol Chem., 1915, xxii, 309. 

The inosite was obtained through the kindness of Dr. Anderson. 
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Influence of Inosite on the Excretion of Phenol in the Dog. 





Phenols. 

Inosite. 


Date. 

Total 






Recovered. 


N. 

Free. 

Total. 

Free. 

Con* 

jugated. 

Fed. 

Urine. 

Feces. 

Per* 

centagQ 

of 

amount 

fed. 


im 


ffm. 

cm. 

per eeni 

per cent 


gm. 

gm. 


Oct. 15 

14.82 

0.203 

0.267 

76.2 

23.8 





U 

16 

14.89 


0.270 

74.2 

25.8 





u 

17 

14.99 

0.208 

0.277 

75.2 

24.8 

5.0 

None. 



u 

18 

14.75 

0.203 

0.272 

74.8 

25.2 



1.875* 

37.5 

ii 

19 

14.81 

0.202 

0.267 

75.8 

24.2 

20.0 

0.114 


41.2 

ft 

20 


0.203 


75.3 

24.7 



8.234t 










; 1 

— — 


* Feces of 17th and 18 th. 
f Feces of 19th and 20th. 


As for the actual feeding and recovery of inosite, the results 
obtained corroborate those of Anderson.^ 

















STUDIES OF INFANT FEEDING. 

THE CHEMICAL CHANGES PRODUCED BY THE ADDITION OF 
LIME WATER TO MILH. 

Br A. W. BOSWORTH and H. I. BOWDITCH. 

{From the Chemical Laboratories of The Boston Floating Hospital and the 
New York Agricultural Experiment Station, Geneva.) 

(Received for publication, November 27, 1916.) 

While the addition of lime water to milk used as infant's food 
has been common practice for many years, it has not been known 
just what changes the lime water produces, and as far as we know 
the subject has not been investigated from a purely chemical 
standpoint. The use of lime water in this connection has been 
based, first, upon the erroneous assumption that the acidity of 
cow's milk is much higher than that of human milk^ and must be 
reduced before it can be used as a food for infants; and, second, 
upon the well known fact that lime water when added to milk in 
sufficient amount inhibits the curdling of the casein by rennin 
and hence, by deduction, will prevent the formation of casein 
curds in the stomach, a source of much trouble in infant feeding. 
As the addition of any alkali to milk causes a precipitation of 
insoluble calcixim phosphate, a fact well known to those familiar 
with the chemistry of milk, and in view of the results recently 
obtained by us with reference to the availability of dicalcium 
phosphate when present as a constituent of infants' food, it 
seemed desirable that more definite information should be oh* 
tained concerning the chemical changes produced by the addition 
of lime water to milk. 

The technique employed in this investigation is the same as 
that used by Van Slyke and Bosworth^ in their studies of cow's 

'Boswortb, A. W., J. Biol. Chem., 1915, xx, 707. 

* Van Slyke, L. L., and Bosworth, A. W., J.Biol. Chem., 1915, xx, 135. 
Bosworth, ibid.f 1916, xx, 707. Bosworth and Van Slyke, ibid., 1916, xxiv, 
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milk, himian imlk, and goat’s milk. A complete ckemical analj'sis 
of the xmlk being first obtained, it is then filtered through porous 
porcelain filters. The filtration divides it into two portions, a 
soluble filterable portion and an insoluble or unfilterable portion. 


TABLE I. 

Changes Produced by the Addition of Lime IFa^er to Cow’s Milk. 


Sample No 














lame water added, per cent . 

p 



m 

331 

50 



vV 


Reaction f-f — acidity; alka- 
linity) as cc. of 0.1 N required to 
neutralize 100 cc. 

Whole milk _ . 

•f6.6 


1 o 

n 


n 'tR 

Serum 

.\5 

-Lin 

-ro.^ 

1 u* 

fl 1 o 

U --10.0 



^ .a 

-r/.J 


1 -r*. 

/ -r 

CaO* 

Total 

0.1947 

d.07S9 

0.0524 

0.1283 

0.0664 

ffm, 

n 

n oinc 

pn. 

n OKOi 

gm- 

n 071/ 

gm. 

in ^141 

Insoluble combined 
casein 

with 

0.0759 

0.1750 

0.2509 

0.0473 

: 

U . ^XUti 

rt 

0,0357 

0.0934 

0.1891 

0.0614 

ly 

[O.OSS’i 

0.1291 

0.2148 

0.0562 

'0.0S57 

0.I73S 

0.2595 

Insoluble combined 
P,0, 

with 

0.05S6 

0.1443 

0.0663j 

Total insoluble 

Soluble 

0.0546 


PjO.* 

Total 

1 

1 

1 

B 

M 

H 

Organic in casein 



Inorganic, total 



insoluble 

B 


soluble 




— “ 

Citric acid.* 

Total ( 

1 

■ 



■ 

.1795 

Insoluble C 



Soluble C 

jBlIii 



qd| 

.1425 

Casein 3 

.10 3 

.10 3 

.40 3 

.40 3 

40 3 

40 



f 

— 


* Per 100 cc. of original milk. 


The composition of these two portions was determined by cbemi 
cal analysis. _ . j 

Cow’s milk when used as a food for infants is usually 
with an equal or greater volume of water which may carry o 
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substances in solution or suspension, such as lactose, calcium 
hydroxide, "barley flour, maltose, etc., and in order to make the 
conditions surrounding the milk used for this investigation as 
nearly comparable to feeding conditions as possible the desired 
amount of lime water was added to the milk, and this mixture 
then diluted to twice the volume of the original milk. The 
results obtained by our study, however, have been reported on 
the basis of the original volume of the milk. 

Our investigation shows that while the addition of lime water 
to milV increases the total CaO present it brings about a marked 
change in the arrangement of the salts, which results in a pre- 


TABLE II. 

Insoluble Acids and Bases in Milk and Milk Plus Lime TVa/er Calculated lo Gm. 

Equivalents, 


Sample No. 

Lime water 
added. 

Casein as an 
octa valent 
acid. 

FiOs 

— ^ a 

divalent 

acid. 

Citric acid as 
trivalent acid. 

Sum of acids. 

Calcium. 

Excess of 
base. 

1 

per 

cent 

0 

27.9 X 10-< 

17.8 X 10“^* 

0.0 X 10-< 

45.7 X 10-* 

45.8 X 10-* 

0.1 X 10~ 

1 

50 

27.9 

40.4 

6.0 

74.3 

89.6 

15.3 

2 

0 

30.6 

21.2 

0.0 

51.8 

51.5 

0.0 

2 

161 

30.6 

33.0 

0.0 

63.6 

67.5 

3.9 

2 

33J 

30.6 

38.8 

2.9 

72.3 

76.7 

4.4 

2 

50 

30.6 

44.9 

5.8 

81.3 

92.7 

11.4 


cipitation of calcium, phosphorus, and citric acid. The figures 
in Table I show that by the addition to milk of 50 per cent of 
lime water the soluble CaO is reduced to less than one-half of the 
amount present in the original milk, the soluble phosphorus to 
less than a third, and the soluble citric acid to about three-fourths. 

The amounts of the insoluble constituents present in the milk 
and the* milk to which the lime water has been added as shown in 
Table I have been calculated to gm. equivalents and will be found 
in Table II. In making these calculations phosphoric acid has 
been considered a divalent acid because it has been shown that 
the ^insoluble inorganic phosphorus normally present in fresh 
cow's milk is in the form of dicalcium phosphate, CaHP04.2 It 

» Van Slyke and Bosworth, J, Biol Chem., 1915, xx, 135. 
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will be noticed that in the fresh milk there is a balance of bases 
and acidS; while the addition of lime water to the milk produces 
an excess of base, which means of course, that the insoluble 
phosphate is now a mixture of di« and tricalcium phosphate. 

The acidity or alkalinity as determined by the method of 
Van Sl 3 "ke and BoswortW also demonstrates the presence of 
alkaline phosphates, for it vn[\ be noticed that while the original 
milk and its serum had an acid reaction, the addition of lime 
water brought the reaction of the serum towards the neutral 
point and the reaction of the unfiltered milk ^became alkaline, 
showing that in filtering the milk to obtain the serum, insoluble 
alkaUne salts were removed or failed to pass through the filter. 
If milk to wliich 50 per cent of lime water has been added iscen- 
^ trifugalized, a sediment is obtained which is a mixture of cal- 
^ cium caseinate and calcium phosphates. Such a sediment obtained 
by us and treated wdth alcohol and ether to dry it gave the following 


figures upon analysis. 

per cfn/ 

Casein 21.84 

Total PiOs 

Organic PjOs in casein 

Inorganic P 2 O 5 34.434 

CaO ^2.474 


Upon calculating these figures to gm, equivalents, we obtain 

casein 19,7 X 10”^, inorganic as a divalent acid 969.8 X 16 » 

sum of casein and inorganic P 2 O 5 989.5 X 10'^ calcium oxide 
1,159.8 X 10-^. It will be seen from these figures that the cal- 
cium present is more than enough to form the neutral mca ciu 
phosphate Avith the P 2 O 5 present, but not enough to orm 
alkaline tricalcium phosphate, the result being a mixture 0 


In this connection it is of interest to recall that Clark ms 
ing the change in hydrogen ion concentration produce 3 
addition of lime water, or sodium citrate because 

the use of sodium citrate was the more objectiona 
it produced an alkaline reaction in the milk, w 1 e 


«-VanSlyke and Bosworth, J. Biol. Chcvi., 1914, six, 73. 
» Clatk, W. M., J. Med. Research. 1914-15, xxxi. 44i. 
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lim p, water produces a reaction near the neutral point. As he 
used the electrical method to determine his hydrogen ion con- 
centrations it will be seen at once that he failed to take into con- 
sideration the insoluble alkaline phosphates present. 

CONCLUSIONS. 

The addition of lime water to milk, which normally contains 
some insoluble dicalcium phosphate, results in the precipitation 
of more calcium phosphate, the insoluble phosphates under these 
conditions being a mixture of di- and tricalcium phospliate, 
CaHPGi and CaaPsOs. 

The addition of lime water to milk brings the reaction of the 
serum towards the neutral point, the soluble alkalinity of the 
lime water being used up in the precipitation of the insoluble 
calcium phosphates mentioned above. 

When milk to be used for infant feeding is treated with lime 
water and finally diluted to such an extent that it has twice 
the volume of the original milk, or more, the soluble calcium and 
phosphorus may be reduced to amounts less than those which are 
present in human milk. 
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On hydrolysis, the saponin yielded a crystalline sapogenin 
melting at ITS^C., also glucose and apparently glucuronic acid. 

We have not been able to isolate any saponin from Yvcca 
filamentosa which agrees with that reported by Schulz. It is 
possible that saponins from the same species of plants may differ, 
depending on the place W'here grown and the time of year when 
picked. We have some evidence on this point from work done 
recently on other species of plants. 


EXPERIMENTAL. 


Preparation of the Saponin . — The rootstocks of Yucca filamentosa were 
cut into slices and dried at 60®C. in air desiccated over calcium chloride. 
The dried substance was ground to a coarse powder in a mill. 5 kilos of 
the substance were extracted five times with hot 95 per cent alcohol by 
heating in a steam kettle. The alcoholic extract was concentrated to s 
small volume in a vacuum stilly 200 gm, of magnesium oxide were added, 
and the mixture was evaporated to dryness on the steam bath. The 
residue was pulverized and extracted with hot absolute alcohol. On stand- 
ing, the saponin was deposited as a light brown amorphous substance. 
This was filtered off and washed with absolute ether, the yield of crude 
saponin being about 6 per cent. It was purified by dissolving in hot 
absolute alcohol, cooling the solution, filtering, and finally washing the 
saponin with absolute ether. To obtain the saponin colorless and free from 
ash, it was necessary to repeat this process several times. On pounng 
the mother liquors into an equal volume of absolute ether, more saponin 
was obtained. The supernatant liquid was decanted and the precipitates 
were purified as stated above. 


The aqueous solution of the saponin was neutral to litmtis ac 
had the foaming properties characteristic of most sapomBS^ 
Lead acetate, lead subacetate, and baritun hydroxide did no 
precipitate it frona the dilute or concentrated aqueous solution. 
A cholesterol compound could not be made. When evapora e 
with sulfuric acid it gave a deep red color. The saponin was v 
hygroscopic and, for analysis, was first dried in a vacuum ov 
by graduaUy heating to 105^0. It was then dried over nigftt 


an electric oven at llO'^C. 

Analyses of four different preparations gave 


the following 


results. 


I. 

II. 

in. 

IV. 


0 2009 gm. substance gave 0.3838 gm. 
o'2471 “ “ “ 0-4731 “ 

o‘.19D2 “ “ “ 0.3749 “ 

0.2608 “ " " 0.4992 “ 


CO. and 0.1295 gm 
« ' » 0.1602 " 
« " 0.1245 “ 

« " 0.1657 " 


.H.O. 

tf 

(t 

ti 
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c 

H 

0 

0.3609 gm. 
0.147^ 


C 

H 

Mol. wt, 


t. 

Ih 

m. 

rv. 

AvoroBO. 

62.10 

52.21 

52.12 

52.20 

52.16 

, 7.21 

7.25 

7.10 

7.11 

7.17 

.40.69 

40.54 

40.78 

40.69 

40.67 


substance louvered tbe freezing point of 34.29 gm. of phenol 


7,500 X 0.3609 
^ 34.29 X 0.147 


^ 537 


Calculated for 
CjiHtoOu: Found: 

.. 52.17 52.16 

.. 7.25 7.17 

,..552 537 


Hemolytic Action and Surface Tension of the Saponin .^ — ^Blood 
was drawn from tlie heart of a Belgian hare into 0.9 per cent salt 
solution, containing a little potassium oxalate. The mixture was 
then centrifugated and was washed several times with Locke’s’ 
solution. Two drops of the residual mass of corpuscles were 
then added to 10 cc. of the aqueous solution of the saponin, 1 in 
20,000, and this was kept at 37°C. Hemolysis took place in 
about 15 minutes. For the surface tension determination, 100 
mg. of the saponin were dissolved in 1 liter of Locke’s solution. 
The surface tension at 37°C., as determined by the Morgan 
drop weight method, was 56.69 dynes per cm. 


Hydrolysis of the Saponin. 


Preparation of the Sapogenin . — 10 gm. of the saponin were 
dissolved in 100 cc. of 4 per cent sulfuric acid and the solution 
was heated for 7 hours on the steam bath. A tan-colored amor- 
phous substance separated. The mixture was centrifugated 
and the substance washed with water until no longer acid to 
litmus. It was then dried over the steam bath and placed over 
sulfuric acid in a vacuum desiccator, where it became red and 

' These determinations were made by Dr, H. E. Woodward of the 
Bureau of Chemistry. 

^ Lockers solution: 


NaCI 

KCl 

CaCh 

NaHCOa 

HjO to 1 liter. 


9.29 

0.42 

0.24 

.0.15 
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horny in appearance. The yield was 4.9 gm., or about 50 per 
cent. 

To complete the hydrclj-His this sapogenin was then boiled 
with 50 cc. of 6 per cent sulfuric acid for 7 hours. At first it 
became soft and oilj-, but after about 5 hours it changed to a 
dark hard lump. The sulfuric acid then was poured off and the 
mass ground up and washed with water till the washings were no 
longer acid to litmus. The solid material dissolved completely 
in acetone and was easily' crystallized from dilute acetone or 
dilute alcohol. The fine, acicular crystals melted at 17o®C. 
The alcoholic solution of this sapogenin was not precipitated by 
alcoholic lead acetate or basic lead acetate. No change was 
observ-ed on adding an alcoholic solution of ferric chloride. If 
was insoluble in 10 per cent alkali and acids. Glacial acetic 
acid dissolved it readily'. 

The molecular weight determined in phenol was 255. 0.1001 
gm. of substance lowered the freezing point of 26.17 gm. of phenol 
0.113°. 

7.500 X 0.1004 

M = 255 

26.17 X 0.113 


Identification of Glucose . — ^The acid solutions obtained by the 
hydroly^sis of the saponin were neutralized with barium carbonate, 
filtered, clarified mth animal charcoal, and evaporated on the 
steam bath, thus gmng a y'ellow syrup. On cooling, this syTup 
solidified. We obtained a phenyd osazone melting at 205°C. am 
a bromophenyl osazone melting at 220°C. We did not succee< 
in preparing a hy'drazone, indicating the absence of mannose 
The absence of mannose, together with the dextrorotation o. 
the aqueous solution of the syrup, and the melting points of thf 
osazones show that this sugar is glucose. 

Tests Indicating the Presence of Glucuronic Acid. ^In addition 
to glucose, the sugar syuup obtained by hy'drolysis of the 
also contained a substance which gave furfural on dfetilla lo 
with 12.5 per cent hydrochloric acid. A pentose pheny 
bromophenyl hy'drazone or osazone could not be prepare , 
BiaVs« reagent (orcin, hydrochloric acid, and a trace o 
chloride) failed to give a positive test. It is therefor 
that a pentose was present. 


‘BialiM., Biochem. Z., 1907, iii, 323. 
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When the syrup was heated with naphthoresorcinol and 
hydrochloric acid, and the cooled mixture shaken with ether, the 
ether solution was colored a beautitul purple. The reaction with 
naphthoresorcinol and the formation of furfural together with 
the failure of BiaVs reagent to give a positive test are strong 
in(hcations of the presence of glucuronic acid. The close re- 
semblance of the phenyl and bromophenyl osazone of glucose 
and glucuronic acid makes it difficult to identify the latter in a 
mixture of the two. 

The presence of glucuronic acid as a product of hydrol3^is 
in substances obtained from plants has been reported in a few 
cases, and Asahina and Momoya® have established its presence 
in the saponin of Siyrax japonica. 

Lack of material prevented further work. 

Location of the Saponin in the Tissue, 

The saponin has been definitely located in the fibrovascular 
bundles of the roots and the leaf bases. Since the plant belongs 
to the monocotyledons, a great number of fibrovascular bundles 
occur in the roots. The number of bundles roughly estimated in 
a root (1 cm, thick) was considerably over 1,000. The saponin 
wa.- found within the trachese. In almost every bimdle a trachea 
cefi sS'ds observed, which was partially or wholly filled with an 
amorphous mass, more or less transparent. The color of these 
masses was orange-brown in the roots and brownish red in 
the bases of the leaves. Saponin masses were not found in 
parenchyma cells of the wood or bark. This observation is 
especially interesting since, as far as a study of the literature 
shows, this is the first time that saponin has been found in the 
tracheae. 

The coloration in the tracheae obtained with sulfuric acid was 
first distinctly yellow, followed by a very slow change to pink 
and reddish violet. After standing several hours the color be- 
came dark brown and the tissue was largely destroyed. Occasion- 
ally deep brownish red globule-like bodies were observed in or 
close to the tracheae. 

When acetic anhydride was added to the section before the 
» Asahina, Y., and Momoya, M., Arch, pharm.y 1914, cclii, 56. 
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addition of sulfiiric acid or sulfuric acid-alcohol, the color change 
to pink or reddish violet could be observed almost immediately. 
Slight heating of the section with sulfuric acid-alcohol also had 
the same effect in the coloring of the trachea bundles. Addi- 
tion of a trace of 10 per cent ferric chloride solution to the sec- 
tion freshly mounted in sulfuric acid-alcohol produced a decided 
green color. Precipitates were not observed. 

Since experiments with the isolated saponin had shown that 
it could not be precipitated by neutral or basic lead acetate, 
barium hydroxide, or cholesterol, it was thought probable that 
the hemolytic properties of the saponin might be made use of 
in supporting the previous evidence as to the location of the 
saponin in the tissue. For this purpose blood from the heart of a 
rabbit was obtained and, after defibrinizing or adding sodium 
oxalate to prevent the precipitation of fibrin, the blood corpuscles 
were washed with physiological sodium chloride and Locke’s 
solution. The blood corpuscles obtained by centrifugating were 
directly applied in a suspension of about 1 : 1 Locke’s solution 
to the dry section. The tmbid suspension infiltrated into the 
tissue which became invisible under the microscope, but in a 
few seconds certain parts of the tissue cleared up. The blood 
corpuscles disappeared, the liquid became transparent and dis- 
colored, and the tissue clearly visible. Repeated observations 
showed that the tracheae cells always were visible first and the 
masses in these consequently had the strongest hemolytic action. 
Crystals of the sapogenin obtained as previously described were 
tested with blood in the same manner under the microscope, but 
practically no hemolytic action was observed. 

Briefly stated, the saponin masses present in the tracbe® ha 
the same properties as the saponin isolated from 
They were easily soluble in water and also in hot alcoho ( ^ 
per cent), and insoluble in benzene or chloroform. They s owe | 
the characteristic color reactions with concentrated suffwic aci , 
sulfuric acid-alcohol (1:1), sulfuric acid with the 
trace of a 10 per cent ferric chloride solution, ^ “Jd 

dride followed by concentrated sulfuric acid. Ine mas 


a strong hemolytic action. 

The microchemical experiments were 
material collected in the fall, on the same 


carried out on 
material dried at roo 
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tcmperatuTG, and also on tho same material dried for several 
hours at 100°C. Cross and longitudinal sections were prepared 
and treated either directly with the reagents or after extraction 
with ether to remove fatty and coloring substances. 

While in material dried at lOO'^C. the saponin masses covered 
the cell walls of the trachese like a film, often not easily visible, 
these masses were very conspicuous in material dried at room 
temperature. 

SUMMARY. 

1 . A new saponin, C 24 H 40 O 14 , was isolated from the rootstock 
of Yucca filamentosa. The yield of crude saponin was about 6 
per cent. It was soluble in water, alcohol, phenol, and glacial 
acetic acid, and could not be precipitated from the aqueous solu- 
tion by neutral lead acetate, basic lead acetate, and barium 
hydroxide. No cholesterol compound could be prepared. Hemol- 
ysis was observed after 15 minutes in the saponin solution (1 to 
20,000) containing rabbit blood, and kept at 37°C. The surface 
tension at 37^C. was 56.69 dynes per cm. 

2. Hydrolysis yielded a sapogenin, crystallizing in regular, 
fine needles melting at 175°C. The molecular weight of this 
sapogenin was approximately 255. It was soluble in alcohol, 
phenol, and glacial acetic acid, but was not soluble in either 
alkali or dilute acids. Alcoholic solutions of lead acetate, basic 
lead acetate, and ferric chloride had no effect on the alcoholic 
solution of this substance. The crystals tested under the micro- 
scope had practically no hemolytic action on blood corpuscles. 

3. Hydrolysis of this saponin also yielded a sugar identified 
as glucose. Evidence was obtained which indicates that glu- 
curonic acid is formed when the saponin is hydrolyzed. 

4. The saponin is located as brownish amorphous masses 
in the fibrovascular bundles of the roots and leaf bases. 
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INTRODUCTION. 

In the course of an investigation in this laboratory it became 
necessary to have at hand a simple and convenient method for 
the identification and quantitative determination of the volatile 
saturated fatty acids, and to that end the investigation here 
reported was undertaken. 

The imperfections of the well known Duclaux method for the 
determination of these acids are generally recognized among 
chemists who have occasion to apply it. When mixtures of 
acids are distilled identification by the distillation numbers 
alone is somewhat uncertain, a fact rather lightly touched upon 

Published with the permission of the Secretary of Agriculture. 
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by Duclaux himself; Calculating results from the distillation 
numbers is a tedious process and, such being the case, appreciable 
errors may be introduced. 

The method about to be described for the identification and 
determination of the volatile fatty acids is one of steam distil* 
lation rather than direct distillation. By the use of this method 
of steam distillation the vaporization rate of the individual acids, 
when plotted on a simple logarithmic chart, appear as straight 
lines. On the other hand, the vaporization rate of mixtures of 
acids will be depicted on the same chart as curved lines. For 
purposes of identification, therefore, the results of the steam 
distillation may be interpreted by direct comparison with the 
chart instead of with tables as in the Duclaux method. In addi- 
tion, there is given a series of colorimetric qualitative tests, 
depending upon the difference in solubility of the iron and copper 
salts of the acids in various organic solvents, which serve to con- 
firm the results of the steam distillation. The calculations in 
the method herein described are of the simplest nature and are 
doubtless familiar to every chemist. 


Attention is called to an article by Stein® in 1913, which seems to hay® 
passed unnoticed as far as can be judged from the recent literature. Stem 
states: If dilute aqueous solutions of substances volatile with steam are 
distilled under conditions of constant pressure, temperature, and volma® 
in the distilling flask, the process proceeds with a certain regulanty* 
Stein gives the credit for this discovery to Naumann and Miiller.* 

Stein carried out distillations with twenty organic acids, seven of wbm 
consisted of the first members of the volatile fatty acids. In most cases 
he made these distillations while keeping the volume of the liquid m ® 
distilling flask at 150 cc. He constructed a table giving the percen ag 
amount of each acid distilling over into the first 1 00 cc- fraction o 

^ Duclaux, en cherchant sur les tables si la 

nombres trouvds par rexpdrience coincide ayec une des series 
Cette coincidence n’est naturellement jamais parfaite: es 
de la mdthode des distillations, les irregularitds indvitabl^ ans 
des poises et dans les dosages ne le permettent pas. J ^[{cro- 

des principaux produits de la fermentation alcooUque, rai 


a! “Stmossigkeiten bei der WasserdampfdestiiMtion or- 

gamseber Sauren, J. prakt. Chem., 1913, Ixxxvui, 8 ■ pestilHrcn 

.8—, A., »d MUfcr, W., 
verdunnter wassriger Phenollosungen, Ber. chem. Oes., is 
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distillate while the volume in the distilling flask was maintained at 160 

cc. His results are recorded in Table I. , ^ ^ 

Some of the percentages obtained by Stein from duplicate determina- 
tions made on the same acid do not appear to agree very closely. There 
is no description of the steam distilling apparatus used in determining 
these percentages and it is possible that the one made use of was somewhat 
unsuited to the purpose. The distillations were, therefore, repeated m 
this laboratory, the same acids being used to redetermine the percentage 
amounts. In addition, there have been added to the list the percentage 
amounts of acid distilling over into the flrst 100 cc. fraction for isocapioic, 
heptylic, caprylic, and pelargonic acids. Of the three remaining higher 
acids, capric acid is soluble only to a very slight extent, undecylic acid 
was not available, and 1 auric *acid is practically insoluble. Therefore 
these three acids were not included in this investigation. The figures 
obtained with the acids investigated will be found in Table I under those 
obtained by Stein. 


TABl^E I. 


Comparative Percentages of Acid Which Distil Over into the First 100 Cc. 
Fraction of Distillate from a Constant VoluTue of 150 Cc. os Found by 
Stein and by Dyer. 


Acid. 

Formic. 

- _ 

Acetic. 

Pro- 

pionic. 

- 

n-Bu- 

tyric. 

Ibo- 

butyr- 

ic. 

Valer- 

ic.** 

rt-Cap- 

roio.. 

lao- 

cap- 

roic. 

Hep- 

tylio. 

Cap- 

rylic. 

Pelar- 

gonio. 

Stein. 

20.98 

33.09 

55.21 

70.53 

79.3 

87.7 

91 





1 

22.02 


68.51 1 


80.35 


94 










80.85 







Dyer. 

17.89* 

30.75* 

52.67* 

69.88 

79.73 

kO 

o5 

89.75 

92.60 

94.52 

98.45 

100.00 


* Average of determinations as noted below in Table II. 

** Stein's valeric acid was evidently the iso acid since it had the same 
distilling constant as the isovaleric acid used in this laboratory. 


The figures for the first three acids mentioned represent the 
average percentages from several determinations as shown in 
Table II. The values found for formic, acetic, and propionic 
acids are somewhat lower than those obtained by Stein; in the 
other cases the figures agree fairly well. 

The results so obtained indicated that a practical use might 
be made of the '^distilling constants” for the identification and 
determination of those fatty acids volatile with steam. As 
already noted, the second 100 cc. fraction of the distillate had 
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TABLE n. 


Amount of Each Add Taken for the Distillation Together with the Amount 
of That Add Distilling Over into the First and (fn Some Cevses) Second 
100 Cc. Fractions of Distillate as Determined by Titration 
with 0,1 N KOH. 


Acid. 

Total 
amount of 
acid 

distilled. 

Amount of acid present 
in 1st 100 cc. fraction. 

Amount of atfid present 
in 2nd 100 cc. fraction. 

Calculated 
amount of 
acid in 
2nd 100 CO. 
fraction.! 

Formic. 

ffm. 

gm. 

per cent 

gm. 

per cent 

per cent 

Sample 1*. . . 

0.49413 

0.08882 

17.97 

0.077S2 

15,65 

14.69 

2*... 

0.59873 

0.10585 

17.68 

0.08974 

14.99 

14.55 

“ 2.... 

0.589G2 

0.10623 

18.01 

0.09411 

15.96 

14.77 

Average 



17.89 ; 


15.53 

14.67 

Acetic. 







Sample I*. . . 

0.22192 

0.06821 

30.74 

' 0.04863 

21.91 

21.29 

“ 1.... 

10.41008** 

0.12573 

30.66 




1.... 

0.41075** 

0.13362 

30.74 




‘‘ 1.... 

0.41111 

0.12621 

30.70 




'' 1.... 

b.41267t 

0.12849 

31.14 




“ D... 

0.02708 

0,19496 

31.09 

0.13696 

21.86 

21.04 

“ 2*... 

0.41033 

0.12447 

30.34 

0.08868 1 

21.61 

21.13 

2.... 

0.41333 

0.12609 

30.51 

0.09162 

22.16 

21.20 

3*... 

0.41891 

0.12915 

! 30.83 

0.09186 

21.17 

21.33 

Average 



30.75 


21.74 

21.20 

Propionic. 







Sample 1*. . . 

0.47637 

0.24974 

52.43 

0.11850 

24.88 

24.94 

“ 1 .... 

0.48622. 

0.25774 

53.01 

0.12332 

25.36 

24.91 

“ 1 .... 

0.98220 

0.51629 

52.56 

0.23708 

24.14 

24.93 

Average 



52.67 


24.79 

24. yd 


♦Sample 1 of formic acid, Eimer and Amend, 'Trom Germany.^ 

« 2 '' “ Baker and Adamson, '^00 per cent. 

“ 1 “ acetic old sample df glacial acid, source un m 

« 2 “ “ “ J. T. Baker, '"99.5 per cenf 

« 3 “ “ source unknown, '^95.00 per cent. 

1 “ propionic acid, Kahibaum. 

♦♦ Distillate collected in 10 cc. fractions. . , 

I Distillate collected in an ordinary lOO cc. graduate, 
latcs were collected in various 100 cc. graduated flas 'S. ^ 

X The figures here given were obtained as desenbea 

tab 








table III. 

Each Successive 10 Cc- Fraction of Distillate up to 100 Cc, 
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However, to prove this point completely it was deemed necessary to 
redistil the acids, collect the distillate in successive lO cc. fractions, and 
titrate each fraction with 0.1 n KOH. The results obtained are recorded 
in Table HI. 

Each of the titrations of the successive 10 cc. fractions was divided 
by the value obtained from the original titration of the total acid and the 
result multiplied by 100. The figure so obtained was added to the sum 
total of the titrations of all preceding 10 cc, fractions treated in the same 
manner. Table IV shows the results obtained by this process. 

Now, conceding that the percentage figure for the first 10 cc. fraction 
is the distilling constant for each acid (or is that percentage of the residual 
acid whieh distils over in each successive 10 cc, fraction), it is possible to 
carry out some interesting calculations. 


Propionic Acid, 

100.00 - 7.03 ^ 92.97 

92.97 X 7.03 = 6.54* 7.03 + 6.54 = 13.57 92.97 - 6.54 = 86.43 

86.43 X 7.03 = 6.08 13.57 + 6.08 = 19.65 86.43 ^ 6.08 = 80.35 
etc. 

* Actually, ■ — = 6.54. The use of the divisor, 100, has been 
omitted for the sake of brevity. 


Carrying out this system of subtracting the distilling constant, as repj 
seated by the percentage figure for the first 10 cc. fraction of each aci 
from 100, multiplying the percentage remaining by the distilling constan 
and dividing by 100, subtracting the figure so obtained from the perce: 
tage left, multiplying, and so on (accompanied by the addition of eac 
quotient to the sum total of those preceding), we should have for eac 
acid a column of figures, as in Table V. 

The titrations made on the first 100 cc. fractions of distillate mus 
course, be considered as relatively more accurate than those made on 
first 10 cc. fractions, especially in the case of the higher and less 
members of the series. Therefore, Table VI has been 
Table V, the same principle of calculation was used, but the 
constants for the 100 cc. fractions (or the percentage j 

distilling over into the first 100 cc. fraction) as given in a e 
employed. 

These are simple logarithmic functions and they may he 
pressed on a simple logarithmic chart, as in Fig. 1- 
Since the lines on the chart were drawn in _ /( 

the data obtained by titration of the first 100 cc. ’ 

will be noted that the line indicating the the 

acid present in the first 10 cc. fraction of distifia 
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= 92.97 

92.97 X 7.03 

= 6.54* 

7.03 + 6.54 
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92.97 - 

6.54 

= 86.43 

86.43 X 7.03 

= 6.08 

13.57 + 6.08 

- 19.65 

86.43 - 

6.08 

= 80.35 

etc. 
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the data obtained by titration of the first 100 ec. ' jg 

mil be noted that the Une indicating the ° .ies^the 

IJid present in the first 10 cc. fraction of distillate cross^ 
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10 cc. point on the chart at a number corresponding appioxi- 
mately to 20.00 per cent, which would calculate out to a distilling 
constant of 89.26 for the first 100 cc. fraction as against 89.75 
^ determined by actual titration. A distilhng constant of 20.00 
per cent for the first 10 cc. fraction of distillate for n-caproic 
acid would correspond (in the case of the data in Table III for 
this acid) to a titration figure of 1.64 cc. of 0.1 N KOH instead of 
1.85 cc. as noted in the table. Similarly, the line for isocaproic 
acid would cross the 10 cc. point at a position corresponding 
approximately to 23.00 per cent. This would calculate out to a 
distilling constant of 92.67 for this acid as against 92,60 as de- 
termined by actual titration. In Table III, under the caption 
for this acid, the titration should be 2.05 cc. of 0.1 n KOH in- 
stead of 1.92 cc. 

The paths of the individual acids have been drawn on the 
chart as far as the first 100 cc. fraction of distillate, and continued 
with dotted lines as far as the fifth 100 cc. fraction. 

The identification of a single acid by this method of steam 
distillation requires little or no explanation. It is necessary 
merely to titrate the total amount of acid present with 0.1 N 
alkali, noting the number of cc. required, and then arrange the 
distillation so that the amount of pure acid contained in the total 
150 cc. volume in the distilling flask will be about 0.5 cc. For 
distillation the acid is, of course, liberated with an equivalent 
amount of 0,1 n or 0.2 N sulfuric acid. Any convenient amount 
of distillate, say 100 cc., is collected. This is titrated with the 
0.1 N alkali and the figure so obtained is divided by that obtained 
in the first titration representing the total amount of acid dis- 
tilled. The result will be the distilling constant of the acid for 
the first 100 cc. fraction of distillate, and a look at the chart 
will reveal the nature of the acid distilled. 

Now it can readily be seen that mixtures of acids upon dis- 
tillation must give curved instead of straight lines whan depicted 
on the chart. With neighboring acids these curved lines will 
be very flat while the further removed from each other the acids 
are in their relative positions on the chart, the greater will be the 
biflge in the curve. Four examples are given to show the ap- 
plication of this principle to the actual anal 3 rBis of mixtures of 
two acids. 



458 Determination of Volatile Fatty Acids 


Example /. 

Mixture of Formic and Acetic Acids • 

0.5 cc. of formic acid required 128.9 cc. of 0.1 n KOH (i = 51.45 cc.) 

0.5 ** acetic ** “ 84.1 “ 0.1*' ** (i = 42.05 " ) 

Total 213.0 " « 0.1** ** (i « 106.50 '* ) 

The potassium salt solution of each acid was made up to a volume of 

200 cc. in a graduated flask. A 100 cc. aliquot was taken from each flask, 
these two aliquots were mixed, and the 200 cc. volume so obtained was 
evaporated on the water bath to a volume of less than 30 cc. The residue 
was washed into a 100 cc. graduate, care being taken that the total volume 
in the graduate did not exceed 40 cc. From a burette was added enough 
0.1 N sulfuric acid to bring the volume in the graduate to 100 cc. This 
was poured into the distilling flask, and then suflicient 0,1 N sulfuric acid 
was delivered into the graduate to make the total amount of acid used 
about 108 cc. (a slight excess to make sure that all the fatty acid would 
be liberated). A little water now added to the graduate brought the 
volume to 50 cc., and this was added to the 100 cc. already in the distilling 
flask. The acid so liberated and in solution in a volume of 150 
distilled and the distillate collected in 10 cc. fractions for the first 100 cc. 
of the distillate, the second 100 cc. fraction of distillate being collected 
in a 100 cc. graduated flask. The data obtained are shown in Table VII. 


TABLE VII. 


Mixture of Formic and Acetic Acids. 


Collected, cc 

20 

to 

20 

10 

20 

20 

to 


20 

.10 

a 

O.InKOH, CO... 

2.63 

2.71 

2.64 

2.59 

2,53 


2.38 


2.18 

2.15 

17.50 

16.43 

Acid,* per cent.. 

2,47 

2,54 

2.48 

2,43 

2,38^ 

1 2.35 

2.23 

2.16| 

2.05 

1 

2.02 



By addition, col- 
lected, cc 

10 

20 

30 

40 

' 50 

1 60 

70 

' 80 

1 

90 

1 

’ 100 

200 

Acid, percent. . 

2,47 

5,01 

7.49 

9.92 

■ 

12,30 

14.65 

16.88 

19.04 

21.09 

23. fl 

39.54 


» i t j j j. . f 

* Figures obtained by dividing the number of cc. of 0»1 n 
for each 10 cc. fraction by the total titration, an m 

ing by 100. 


Problem. — Given a mixture of two acids one of whickf con^ 

tilling constant of 17.89, and another, acetic, which 
slant of SO. 7 5 {in both cases for the first WO cc. fraction of con- 

proportion must they be mixed so that the mixture will nav 
slant of S8.it (for the first 100 cc. fraction of the m em/ 

As already stated this calculation is one of the ea i , 
laboratory, and may be conveniently expressed on pap 
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Mixture. 

23.11 


Formic. _ Acetic. 

\ / 

17.89 30.75 

-5.22/ \+7.G4 


Therefore, of 12.86 parts in all (corresponding to 106.5 oc. of 0.1 N KOH), 
5.22 parts ■will represent the acetic acid and 7.64 parts ■will represent the 
foxmic acid. 


= 8.2815 cc. of 0.1 N KOH for each part. 

12.80 

8.2815 X 5.22 = 43.23 cc. of 0.1 N KOH for the acetic acid. 
8.2815 X 7.64 = 63.27 “ 0.1 '' '' “ " formic " 

0.0060042 X 43.23 = 0.2590 gm. of acetic acid determined. 
0.0060042 X 42.05 = 0.2525 “ “ “ “ taken. 

0.0046021 X 63.27 = 0.2912 gm. of formic acid determined. 
0.0046021 X 64.45 = 0.2966 “ “ “ taken. 


Example 

Mixture of Formic and Acetic Acids. 

1 cc. of formic acid required 215,11 cc. of 0.1 N KOH. 

1 “ acetic “ 171.52 “ “ 0.1“ “ 

Total 386.63 “ “ 0.1“ “ 

This determination was intentionally made in a very rough manner 
with samples of acids different from those used in Example 1. 1 cc. of the 
formic acid was titrated with the 0.1 n KOH and the number of cc. required 
was noted as above. The titrated portion was then rejected. The same 
sample of acetic acid was used here as that indicated in Table III. 1 cc. 
of each of the acids was then added to 150 cc. of water and the distillation 
was carried out. The conditions of this distillation vary considerably 
from those in the previous case. Tour times the amount of acid was dis- 
tilled and, using the titration for total acid as indicated above, the acidity 
of the mixture distilled could be considered as only approximately correct. 
The distillate was collected as before; i.e., in 10 cc. fractions (Table Vlll). 
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TABLE VIII. 

Mixture of Formic and Acetic Acids, 


Collected, cc 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


0.1 N KOH, cc 

10.33 

■ 

'H 

9.80 

IQ 

9.42, 

9.13 

8.88 

8,62 

8.32 

Acid, percent 

2.67j 



2.53 


2.44i 

1 

2.36j 

2.30: 

1 

2.23, 

1 

2.15 

By oddidon, collected, 


1 : 

1 

1 

1 

1 





cc j 

10 j 

' 20 j 

1 30 

40 

50 

60 

1 70 

1 so j 

! 90 1 

f 100 

Acid, per cent 



7.91 

10.44 

12.88 

15.32 

17.68 

gl 


24.S6 


Mixture. 

24.36 

Formic. Acetic. 

\ Z' 

17.89 X 30,75 
-6.47 X \+6.39 

Therefore, of 12.86 parts in all (corresponding to 386.63 cc. of O.I nKOH), 
6.47 parts will represent the acetic acid and 6.39 parts will represent the 
formic. 


386.63 

12.86 


= 30.07 cc. of 0.1 N KOH for each part. 


30.07 X 6.47 = 194.55 cc. of 0.1 N KOH for the acetic acid. 
30.07 X 6.39 = 192.15 “ " 0.1 “ “ " “ formic “ 


0.0060042 X 194.55 = 1.1684 gm. of acetic acid determined. 

0.0060042 X 171.52 = 1.0298 “ “ “ “ taken (approsimsW' 

0.0046021 X 192.15 = 0.8843 gm. of formic acid determined. 

0.0046021 X 215.11 = 0.9900 “ “ “ “ taken (approxmia y ■ 


Example S. 

Mixture of Acetic and n-'Butj/ric Adds. ^ 

0.5 cc. of acetic acid required 84.8 cc. of 0.1 n KOH (i - 42.^^ ^ 

Q.5 “ n^butyric “ 53.08 “ 0.1 

Total 


53.08 

137.88 


0.1 

0.1 


(J 

ft 


^4 “) 
68.94 " ) 


lOtai 

After evaporating the combined potassium °L up to s 

0 a volume somewhat less than 100 cc., the This 

relume of 100 cc. in a graduated flask ^ ® “i jg^uate, sritb the 

lUquot was made up to a volume of ISO cc., using g 
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requisite amount of 0.1 N sulfuric acid and water, and then distilled. The 
10 cc. fractions collected gave tbe titrations shown in Table IX. 


TABIiE IX. 

Mixture of Acetic and n~Buiyric Acids, 


allecled, cc 

10 

10 

10 

10 

10 

10 

1 30 

10 

10 

10 

1 100 

1 

300 

: 100 

100 

.1nKOH,cc,. 

4.68 

4.30 

3.92 

3.63 

m 

2.96 

2.62 

, 2.28 


1.89 

14.80 

7.84 

4.91 

2,97 

•cid, per cent. 

6.79 

1 6.24 

1 5.69 

5.27 


4.30 

3,80 

3.31 


2.74 

21.47 

11,37 

7.12 

4,31 

y addition, col- j 
lected, cc 

10 

20 

30 

40 

50 ' 

60 

70 

80 1 

90 1 

100 ' 

200 1 

300 

400 

500 


■ 

13.03 

18.72 



33.09 

36.89 



45.84 

67.31 

78.68 

85.80 

90.11 


Mixture. 


Acetic. 

30.75 

-15.09 


45.84 




n-Buiyric. 

69.88 


/ \ 


+24.04 


Of 39.13 parts in all (corresponding to 68.94 cc. of 0.1 N KOH), 24.04 
parts will represent the acetic acid and 15.09 parts will represent the 
n~butyric. 


^.94 

39.13 


1.762 cc. of 0.1 N KOH for each part. 


1.762 X 24.04 = 42.36 cc. of 0.1 n KOH for the acetic acid. 

1.762 X 15.09 = 26.59 “ " 0.1 » » « » n-butyric acid. 

0.0060042 X 42.36 = 0.2543 gm. of acetic acid determined. 
0.0060042 X 42.40 = 0.2546 " “ “ “ taken. 

n Sf! ^ determined. 

0.0088084 X 26.54 = 0.2338 “ “ “ “ taken 


Example 4. 

Mixture of Formic and Isovaleric Acids. 

0.3 cc. of formic acid required 74.95 cc. of 0.1 n KOH = 37 48 cc ) 

0.4 isovaleric “ « « 0.1 » « (U 17.37“ ) 

Total 109.68 « » o.l “ » (4 = ^ « ) 
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The potassium salt solutions of both acids were combined^ evaporated 
to a low bulk, made up to 100 cc. in a graduated flask, a 50 cc. aliquot was 
taken, about 56 cc. of 0.1 n sulfuric acid were added, and enough water to 
make the total volume 150 cc. The mixture was then distilled. The results 
obtained are shown in Table X. 


TABLE X. 

Mixture of Formic and Isovaleric Acids, 


Collected, CO 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

100 

100 

100 

100 

OAnICOH, ccJ 

4,ll| 

3.36 

2.86 

2.47 

2.10' 

1.87 

1.58 

1.39' 

1.26 

1.10 

6.9S 

4-24 

3.0S 


Acid, percent.! 

r.49 

6.13 

5.22 

4.5o; 

3.831 

3.41 

2,88 

2.53 

2.30 

2.01 

12.73, 

7.73, 

5.62| 


1 ’ ‘ cof- 



f 

f 

f 


1 

1 

1 

1 


1 

400 

SCO 

i- fX 

10 

[ 20 

30 

1 40 

1 50 

60 

1 70 

, so 

1 90 

1 100 

i 200 

1 300 

Jjiidt per cent. 

7.49 

13.62 

18.84 

23.34 

27.17 

30.58 

33.46 

35.99 

38.29 

40.30 

53.03 

60.76 

65.35 



Mixture, 

40.30 



Isovaleric. 


87.51 


-22.41 \ +47.21 

The mixture consists of 47.21 titration parts of formic acid and 22.4 
titration parts of isovaleric acid. 


= 0.7878 cc. of 0.1 N KOH for each part. 

69.62 


0.7878 X 47.21 = 37.19 cc. of 0.1 N KOH for the formic acid. 
0.7878 X 22,41 = 17.65 " " 0.1 “ “ “ “ isovaleric acid. 


0.0046021 X 37.19 = 0.1712 gm 
0.0046021 X 37.48 = 0.1725 “ 


of formic acid determined. 
ft if taken. 


0.0102105 X 17.65 = 0.1S02 gm. of isovaleric acid determined- 
0.0102105 X 17.37 = 0.1774 “ “ “ “ ^a^en. 


rhe curves illustrating these four examples ^ ^^^tance, ^ 

arithmic chart. In the curve dra^n for M°y“:^ponent 

:1 be seen that the line crosses out acetic it begins to 

the mixture and then reaches a point J identifies 

n parallel with the line which indicates form c 
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absolutely the lower acid of the mixture and also gives some indication 
of the nature of the other acid. It will be seen in the case of Example 4 
that the point reached where the line begins to run parallel is about 500 cc., 
showing that the other acid has run out of the mixture. Turning to Table V 
and reading across the table from the 500 cc. figure it will be found that 
the acid due to run out at this point is isovaleric. This is a little uncertain, 
however, and the qualitative tests given on page 467 are made use of to 
ascertain the nature of the higher acid of the mixture* 

The Steam DistilUition. 

It might at first appear difficult, if not impossible, to so arrange 
the steam distillation that the volume in the distilling flask 
would be maintained at 150 cc. throughout the course of the 
distillation. In actual practice, however, this prnved to be a 
very simple matter. 

For the generation of the necessary steam the regulation steam- 
can heated by a gas burner was not tried because it seemed prob- 
able that such an arrangement would not suffice to maintain a 
steady and uninterrupted flow of steam to the distilling flask, 
The apparatus used for the purpose is one suggested by Lassar- 
Cohn:4 

*‘The steam is generated in a glass flask of 1 or 2 liters^ 

capacity. This is half filled with water and, after the addition of a few 
drops of sulfuric acid, several pieces of zinc are added. During the boiling 
there occurs a gentle evolution of hydrogen and a regular and continuous 
passage of steam is thus obtained unaccompanied with bumping and 
tossing of the boiling water. If the suggested addition of sulfuric acid and 
zinc be neglected the water boils with much tossing and a very irregular 
passage of steam will result,” 

Technique of the Method. 

The current to both hot plates is turned on and also the water 
leading to the condenser. Flask A is disconnected from the 
apparatus and into it are slid eight or ten pieces of stick zinc 
each about 1 inch in length. The flask is fiUed with ordinary 
water as hot as it can be procured to about the mark indicated 
in Pig. 2, and it is then tilted to get a fairly uniform distribution 
of the pieces of zinc over the bottom of the flask. The flask is 

Lassar-Cohn, Arbeitsmethoden fiir organisch-chemische Laboratorien, 
Hamburg, 1903, 3rd edition, p. 36. 
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Fig. 2. Apparatus for use in the Bteam distillation. A, the flat-bottomed 
flask used for generating the steam, is of 2 liters’ capacity. B, the dis- 
tilling flask in which the volume of liquid is kept constantly at 150 cc. 
throughout the course of the distillation, is a round-bottomed one of 500 cc. 
capacity. Ordinary well fitting corks are used in the necks of these two 
flasks, and to connect the distilling flask with C, an ordinary Liebig con- 
denser. D is a mercury seal made by pouring a little mercury into the 
thistle tube (there is very little pressure on this seal during the distillation). 
The glass tubes leading to and from Flask B are of as large a bore as the 
cork E will conveniently take (the ones used in this laboratory measured 

inch, inside diameter). F is a piece of rubber tubing to connect A 
with B. The tube leading from B reaches to a little below the neck of the 
condenser (at G). 

Flask A is heated by an electric hot plate having a heating surface 5 
inches in diameter, and during the distillation this plate is kept with the 
current at *'full,” Flask B is heated with a similar hot plate inches m 
diameter. This plate is kept at “full” until the distillation is well 
on its way. when it is turned to the next lowest step, “medium. 
This second hot plate may be placed on an iron ring which is clam^ 
rather loosely to a stand so that it will swivel back out of the way w 
it is desired to remove Flask B. The apparatus is set up in a corner o ^ 
laboratory free from strong draughts and, when the distillation 
started, will run along for hours with little or no change in the 
volume. When the distillate is collected in 100 cc. fractions t ^ ^ 
work of the laboratory may be carried on without interruption. 
suggested that a trial distillation be made with 0.5 cc. of ^ 

acid in 150 cc. of distilled wafer for practice in the use of the me 
to determine the correct adjustment of the hot plates. 
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now placed on the larger hot plate, about 5 cc. of sulfuric acid 
(1:5) are added, the connecting cork is inserted in the neck of 
the flask 'which is then allowed to stand until the water boils 
vigorously but quietly. 

The mixture of the acids in solution is titrated with the 0.1 N 
alkaU solution and a note is made of the number of cc. required. 
It is advisable to have dissolved in the 150 cc. volume to be dis- 
tilled an amount of acid equivalent to about 0.5 cc. of the pure 
acid.® A titration figure of 75 cc. of 0.1 N alkali will about 
represent an average amount in the case of the lower acids of the 
series, and 60 cc. if there is reason to believe that the mixture 
consists of the higher ones. It is now possible to figure the amount 
of dilution or concentration necessary so that the volume of the 
aliquot taken plus the volume of 0.1 or 0.2 n sulfuric acid required 
to liberate the fatty acids plus the requisite amount of water will 
make the total volume 150 cc. Here it may be well to observe 
that while a slight excess of acid over and above the amount 
necessary to liberate the fatty acids does no harm, a large excess 
will increase the rate of distillation of these acids to such a degree 
that the accuracy of the determination will be appreciably af- 
fected. The 150 cc. volume for distillation is made up in an 
ordinary 100 cc. graduate, in the manner described in the examples 
of distillations, and then transferred to the distilling flask. 

As soon as the steam is seen issuing from the tube leading from 
the steam generating flask. A, the distilling flask, B, with its 
contents is attached to the apparatus, the smaller hot plate is 
swung into its supporting position under the flask, and a mark 
corresponding to the level of the liquid inside is made on the flask 
with a blue pencil. The distillation is then carried out. If oil 
drops or flakes collect in the condenser during the course of the 
distillation some one or more of the higher acids are present and 
the supply of cold water flowing through the condenser is turned 
off at once. The distillate is collected in two 10 cc. graduates 
using these alternately and reading to the lower meniscus for 
the 10 cc, mark. The first graduate, when filled to the mark, 
is removed and the second is substituted. The contents of the 

^ There is, however, considerable latitude in this, especially when the 
ower and more commonly occurring members of the series, which are 
more soluble, are distilled. (See the foregoing examples of distillations.) 
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first graduate are poured into a small Erlenmeyer flask and the 
graduate is washed out with three or four changes of distilled 
water. These washings are added to the contents of the flask. 
The graduate is then flipped vigorously to dislodge the drops 
of water from it, and set aside in an inverted position until 
required again. While waiting for the second graduate to fill 
the first fraction is titrated with the same 0.1 N alkali solution 
used for the total titration and the figure so obtained is divider 
by that representing the total titration. The result is multi- 
plied by 100. The figure so obtained is the percentage amount 
of acid distilled into the first 10 cc. fraction of the distillate— the 
distilling constant.® It has been shown in the foregoing pages 
that the rate of distillation of a single acid is constant while, in 
the case of a mixture of acids, the rate of distillation is variable, 
depending upon the mixture of the acids. 

After collecting the tenth 10 cc. fraction a 100 cc. graduated 
flask is placed under the condenser and the distillate from this 
point is collected in 100 cc. fractions. These are titrated in the 
same manner as the foregoing 10 cc. fractions, using phenol- 
phthalein as indicator. The flasks are also washed out with 
distilled water, as in the case of the 10 cc. graduates, and used 
alternately. If fat particles adhere to the walls of the flasls 
they are cleaned out with bichromate mixture, washed thoroughly 
with distilled water, and then turned upside down to drain unti 


needed for the succeeding fraction. 

The number of cc. of 0.1 n alkali required for each succeeding 
fraction is divided by the total titration and the figure so obtaine , 
after multiplying by 100, is added to the sum total of the Bgures 
preceding, which were obtained in the same manner 
pies of distillations). The figure representing the sum o ain 
with each successive addition is pointed off at its '-o 

position on the logarithmic chart until the line wjjjt 

indicated reaches a point from which it runs parallel wi 
of some one acid. This identifies with certainty the laxve 
of the mixture and it is, of course, unnecessary narallel 

tillation further. The point at which the hne ^ of 

course is the exact place at which the other, and ig > 

•If the distillate is being collected in 100 
be, o( course, the distilling constant of the first 100 cc. 
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the mixture hO/S run out. A reference to Tnble V ’will give an 
approximate idea as to which one it is. To establish definitely 
the nature of this acid, however, the included colorimetric tests 
must be used. A reference to the examples of distillations given 
in this paper will indicate the nature of the calculation necessary 
for detennining the amounts of acids comprising the mixture. 

The application of this method of steam distillation for the 
identification and determination of acids in solutions which cannot 
be titrated directly on account of their dark color, or for some 
other reason, is obvious. The solution is distilled directly from 
a total volume of 150 cc. and the distillates are collected either 
in 10 cc. or 100 cc. fractions. A calculation based on the fol- 
lowing will illustrate the procedure. 


Formula for Determination of the Total Amount of Add Originally Present 
from the Titrations of the First and Second 100 Cc. Fractions of 
Distillate. 


then: 


t = the total titration to be calculated (unknown). 
ii = the titration of the first 100 cc. fraction (known). 
h = second 100 cc. “ “ 

c = the distilling constant (unknown). 



i- ti 



Is 

l-ti' 




jl 

il — tl 


f 

i 

/ 


As an example (an unknown amount of acetic acid really requires 171.52 
cc. of 0.1 N alkali) : 

First 100 cc. fraction of distillate {h) required .52.74 cc. of 0.1 K KOH. 
Second 100 '' “ “ (fj) « 36.52 “ ** ** 

Difference 16.22 


(52.74)^ 

16.22 


~ 171.49 cc. of 0.1 N KOH (representing the acidity of the 

acid solution distilled). 

h 52.74 ^ 

^ ~'i 171 49 ^0.75 (distilling constant). 


Conclusion: The acid originally present was acetic, and 0.0060042 X 
171.49 « 1.0297 gm. of this acid present in the liquid distilled. 
Confirmation: By the qualitative colorimetric method. 


Colorimetric Tests. 

These tests are based upon results obtained -while working 
With a colorimetric test for the identification of the fatty acids 
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proposed by AgulhonJ The principle involved in this test of 
Agulhon^s is good, but the method of carrying it out proved 
unsatisfactory. 

A special study was made of the solubility of various metallic 
salts of the volatile fatty acids in various organic solvents. For 
this purpose the copper, iron, nickel, cobalt, chromium, mangan- 
ese, and uranium salts of these acids were used. It was found 
that only the salts of iron and copper respond satisfactorily to 
tests of this nature. As a result of this investigation Agulhon^ 
test has been rearranged, and the range has been somewha 
extended through the addition of one or two other solvents 
Agulhon states that his test may be nullified to some extent hy 
the formation of insoluble copper salts with the use of coppei 
sulfate, the reagent he indicates. This difficulty has been entirely 
removed by the substitution of copper chloride. 

There is needed for this test a solution of iron chloride not 
weaker in strength than 2 per cent nor stronger than 3 per cent, 
and a solution of copper chloride of a strength approximating 
0.1 N, 

The 10 cc. fractions collected in the distillations are not rejected 
after the titration with the 0.1 N alkali but are made up to a 
certain volume so that the strength of the solution is approxi- 
mately 1.5 per cent of the alkali salt of the fatty acid.® Tins 
volume may be obtained either by dilution, if too strong, or bj 
evaporating off the excess of water, if too weak. 

The test is made in the following manner. 2 cc, of the 
per cent solution of the alkali salts of the fatty acids are traos^ 


7 Agulhon, H., Solubility de certains sels m6talliques des 
volatils dans les aolvants organiques, — Application k 
qualitative de ces acidea, BulL Soc. chim.t 1913, aeries 4, riii> f {r^ciio^ 
* Some judgment of the chemist is here called for. T c rs 
of the distillate should be tested for the higher acids ^ ® cBtu?® 
last fractions for the lower acids. Unless there is some idea ^ (jiog 
of the acid, or acids, present in these fractions so ® , xj.jj of tbe 

factors may be used to obtain the approximate stmng s 
alkali salts of the fatty acids, the factor ""“I" of cc.ofOd^ 

about strike an average, may be used to mult^ljj the n . alkali 

alkali required to neutralize the fraction. Wen one P P ^ 

Balt solutions of the volatile fatty acids should be testea 
ably short time since it has been found that mold Y 
them after a few days 
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ferred by means of a pipette into a small testrtube (tubes 5 inches 
long and 5 inch in diameter were used in this laboratory) and 
from 0.5 to 1 cc. of the special solvent added, forming a super- 
natant layer. This mixture is then treated, drop by drop, with 
agitation, with either the iron chloride or copper chloride test 
solution, as indicated. The tube then remains at rest for a few 
moments and the result is noted. 

Orientation TesL 

To 2 cc. of tlie 1.5 per cent solution of the potassium or sodium 
salts of the fatty acids under investigation add about 0.5 or 1 cc. 
of amyl alcohol, stopper with the thumb, agitate the tube vigor- 
ously to nux the solvent and the solution, and then hold it under 
the hot water tap or plunge the tube into hot water, where it is 
held for several seconds with shaking, until the vapors of amyl 
alcohol have almost or entirely displaced the column of air from 
the tube. Cool, and then add one drop of the iron chloride 
solution. Stopper the mouth of the tube with the thumb, agi- 
tate vigorously, and set aside for a minute or two. If a brownish 
yellow precipitate is formed which hangs suspended in the aque- 
ous liquid even for some minutes on standing, while the layer of 
amyl alcohol on the surface is colored a light yellow, the acid 
present may be either heptylic, caprylic, pelargonicj or capric. 
If the precipitate formed shows an inclination to dissolve readily 
in the solvent, add another drop of the iron chloride solution, 
stopper with the thumb, agitate vigorously, and again note the 
result. The iron salt of propionic acid is only partly soluble in 
the solvent. In this case the test will be indicated by a pro- 
nounced brownish yellow tinge of the amyl alcohol, by the col- 
lection of brown insoluble salts at the junction of the two liquids, 
while the aqueous solution will be colorless. With acetic acid 
the aqueous solution will be colored a clear urine shade of yellow 
containing the faintest tinge of red due to the dissolved iron salt 
of the acid itself, there will be no precipitate on standing, and the 
amyl alcohol layer will be colorless. With formic acid the amyl 
alcohol layer will be likewise colorless, but the aqueous solution 
will be cloudy and will give a red precipitate on standing for 
several minutes. If the amyl alcohol layer has begun to take 
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on a rich deep red after the addition of successive drops of the 
iron chloride solution, continue the addition of the drops with 
agitation until a full intense red has been developed. The iron 
salts of the three acids, butyric, valeric, and ca'proic are entirely 
soluble in the amyl alcohol and give the intense red color. 


Individual Tests. 


Formic and Acetic Acids . — ^No individual colorimetric test for 
formic acid could be found. It is necessary to make use of its 
reducing properties to identify it (the formation of a blue color 
with nitric acid and bichromate of potash mixture),® However, 
this acid may be identified with certainty in the manner noted 
under “Orientation Test,” and in the steam distillation. Of all 
the solvents turpentine is the only one found which is able to 
dissolve the copper salts of formic and acetic acids and bring 
them to the surface of the aqueous solution. 

In the absence of formic and the other acids, acetic acid may 
easily be identified by the following test, 2 cc, of the alkali salt 
solution of the fatty acid are placed in a small test-tube and 
covered with a 0.5 or 1 cc. layer of ordinary turpentine.^® 
approximately 0.1 n copper chloride solution is then added drop 
by drop from a burette, the mouth of the tube is closed with the 
thum]3, and it is agitated after each addition. The copper salt 
of acetic acid vnU be dissolved by the tmpentine and brought 


® Agulhon, Recherche colorim^trique de Palcool en presence 
tone. Reactions color^ss dc certains groupements organiques 
d'acides min6"aux efc de bichromate de potassium, Bull. Soc. chim.i » 
series 4, ix, asi. ^ ^ 

The solvent properties of the turpentine may be considera > 
creased by dissolving in it all the crude resin (rosin, colophomuni/ ^ 
take up, which is very little. This may be done by triturating 
pentine with the powdered resin in an evaporating dish and ecan 
the liquid. Redistilled turpentine cannot be used for this tes . 
turpentine test may also be used to distinguish bet^^ea a 
acid and lactic acid; copper lactate is insoluble in toe ^{{ct 

rises as a colorless layer to the surface of the aqueous ® 
agitation. It may also be noted here that lactic aci The 

volatile by the method of steam distillation describe m P 
fct 100 cn. fraction from 2 gm. of lactk 
water and steam-distilled required but 0*25 cc. 



D. C. Dyer 


471 


to the surface of the solution as a deep greenish blue layer, pro- 
vided the agitation has not been so great as to form an emulsion. 

pTopionic Acid. — Use the test given under Orientation Test. 
The test with amyl alcohol and iron chloride was the only satis- 
factory one found. At first, add but one drop of the iron chloride 
solution. This will usually suffice to develop the brownish 
yellow tinge of the amyl alcohol. At the most, add but a few 
additional drops. If more than tliis is added the tendency of the 
insoluble salts formed is to drag the brown color out of the amyl 
alcohol, leaving it colorless. 

Butyric and Valeric Adds. — ^Make the test as already indicated 
but use ether as the solvent^ ^ and iron chloride as the precipitant. 
If the acid present is butyric the two liquids will emulsify some- 
what upon agitation, while the ether layer which eventually 
rises wiU be colorless. If the acid is valeric the ether layer will 
be reddish yellow in color while the aqueous solution will be 
decolorized. In both cases there will be a collection of insoluble 
salts at the junction of the two liquids. 

Valeric, Caproic^ and Hepiylic Acids. — ^The first two acids 
mentioned are the only acids of the series which give color re- 
actions with iron chloride and ether. Make the test as above 
described and set aside for a minute or two. The iron salts of 
valeric and caproic acids will color the ether layer a reddish 
yellow. In the case of the valerate the aqueous solution will be 
decolorized but very cloudy with insoluble iron salts if the acid 
present is caproic. In both cases there will be a collection of 
insoluble salts at the junction of the two liquids. The iron salt 
of heptylic acid is entirely insoluble in both the ether layer and 
the aqueous solution and there is no collection of insoluble salts 
at the junction of the two liquids. 

Valeric and Caproic Acids.— Perform the test as usual, but with 
copper chloride and either petrol-ether ( 40 - 60 '^), gasoline, or 
kerosene, as the solvent. The copper salt of valeric acid is 
nearly all soluble in the aqueous solution^ while the solvent layer 
rises colorless to the top. With caproic acid the solvent takes 
on a decided blue color. 

Caproic and Caprylic Adds. — ^Perform the test as above de- 

** It is preferable to use “ether over sodium” for these tests. 
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scribed, using the solution of iron chloride as precipitant and 
ethyl acetate free from alcohol as the solvent. If the acid present 
is caproic the aqueous solution will be decolorized while the sol- 
vent will possess a rich iron-red color. The iron salt of eaprylic 
acid is almost entirely insoluble in both the solvent and the 
aqueous solution. At most, the solvent will possess but a faint 
yellow color while the aqueous solution will be very cloudy 
with insoluble salts. 


SUMStflRr. 


A new and simple method of steam distillation for the deter- 
mination of the volatile fatty acids has been devised. This 
method depends upon the maintenance of the aqueous solution 
distilled and which contains the acid, or acids, at a constant 
volmne of 150 cc. throughout the course of the distillation. A 
simple and convenient apparatus for maintaining this volume is 
described. 

By this method of steam distillation the distilling constants 
of the individual volatile fatty acids are indicated by straight 
lines when depicted on a simple logarithmic chart. On the other 
hand, the distilling variables of mixtures of these acids are indi- 
cated on the same chart by cirrved lines. With neighboring 
acids these curves will be very flat, while the further the acids 
comprising the mixture are removed from each other in their 
relative positions in the series the greater will be the bulge in the 


curve. _ , 

The lowest acid of the series in the mixture will be identine 
idth certainty since it will eventually reach a point where it wu 
legin to parallel some straight line on the chart which * 

hat acid. This same point indicates where the other acid o 
aixture has fun out and reference to a table given will m ca 
rith a fair degree of probability the nature of this accompany^ o 

The calculations given which are necessary for the 
iion of the amounts of acid comprising the mMure are 
jimplest, thus avoiding all errors. The wofored 

calculations to the determination of acids presen i 
acid solutions and in bacteriological media where e 
cannot be titrated directly has been shown. 
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A qualitative colorimetric test for the identification of these 
acids has also been included, and this may be used alone or in 
conjunction with the steam distillation method. 




THE MECHANISM OF CYTOLYSIS IN SEA URCHIN 

EGGS. 

By a. R. MOORE. 

{From the Phy^ological Laboratory of Rutgers College, New Brunswick j N.J.) 

(Received for publication, November 25, 1916.) 

Because of its relation to the theory of hemolysis on the one hand 
and to that of membrane formation in artificial parthenogenesis 
on the other, the mechanism of cjrtolysis is a matter of interest 
and importance to the general physiologist. The purpose of the 
investigations described below is to determine the character of 
the change which brings about cytolysis. 

In attempting to account for hemolysis, Koeppe^ advanced the 
view that the outflow of hemoglobin from the blood cell is the 
result of the destruction of the limiting membrane of the corpuscle, 
which he believed to be a lipoid substance. Consequently he 
interpreted hot water hemolysis as a melting of the lipoid sac 
of each corpuscle, and referred fat solvent action to the solution 
of the lipoid shell. 

Loeb,2 considering the question with reference to the sea urchin 
egg, formulated a theory of cytolysis and membrane formation 
(superficial cytolysis) which was an elaboration and extension of 
Koeppe^s hypothesis. According to Loeb^s view, the lipoids of 
the cytoplasm are liquefied by various cytolytic agents, and as a 
result water is absorbed by the cytoplasm. This leads first to 
inetabrane formation and, if continued, to complete cytolysis; 
viz,, swelling and clearing of the entire egg. 

Von Knaffl,^ working under Loeb's direction, showed that, as a 
result of cytolysis, substances giving tests for lecithin flowed 

^ Koeppe, H., Arc?i. ges. Physiol., 1903, xeix, 50. 

* Loeb, J. tJber den chemischen Charakter des Befruchtungsvorgangs, 
in Roux, W,, Vortrage u. Aufsatze uber Entwcklugauitjubu. Organ., Xieipsic, 
190S, pt. ii. 

» Von irnaiii-Lenz, E., Arch, ges. Physiol., 1908, cxxiii, 279. 
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out of the sea urchin eggs. His results on hot water cytolysis 
seemed to indicate a melting point, 39-42°0., and thus gave 
support to a simple liquefaction theory of c 3 dolysis. 

As a result of later work,^ it became evident that there is not a 
melting point for sea urchin egg lipoids, but rather a liquefaction 
range, 34*-42°C., and further that there is a definite temperature 
coefEcient tor the process; viz., 3 for 2°C. or about 200 for an 
interval of 10°C. This corresponds to a value of about 100,000 
for n in Arrhenius’ equation; 


Ki^Koc 2 V t,t,) 


where /to and Ki are the reaction velocity constants at the abso- 
lute temperatures To and Ti, respectively; e is the base of the 
natural logarithms; n is a constant. The above value for p indi- 
cates that hot water cytolysis belongs to the same type of re- 
action as the destruction of bacteria at high temperatures and 
hot water hemolysis.® 

While von Knaffl’s evidence would indicate that cytolysis is 
fundamentally a physical process, i.e., a melting or a solution, the 
magnitude of the temperature coefficient may mean that the 
process is a chemical one. That cytolysis may be due to increased 
fluidity of certain egg constituents and at the same time follow 
the monomolecular law is shown by the fact that Sclnoeder 
found that heating a gelatin solution at lOO^C. for differen 
lengths of time, reduced the viscosity of the solution at a ra e 
characteristic of a monomolecular reaction.’ He interpreted e 
change as due to a hydrolysis of the gelatin and called ^ 
phenomenon a “saponification reaction.” furthermore, 
stan and Mussell® in 1911 showed that the courses of ^ ^ ^ 

reactions, such as acetic anhydride + H 2 O-* acetic acid, enz 


‘ Moore, A. R., Quart. J. Exp. Physiol., 1910, iii, 257. _ Londcs- 

* Arrhenius, S., Quantitative Laws in Biological Chenus ry, 


1915,55. 

' Schroeder, P. v., Z. physik. Chem., 1903, xlv, 76. 
z R S. Lillie uses Schroeder’s data on gelation to supp chsuS^' 
tention that the increase of fluidity in cytolysis is due 0 p J 


Bfoi. Bidi-i 191^1 295 lotl xcix,565- 

•Dunstan, A. E., and Mussell, A. G., J- Chem Soc., 191 > 
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chloride + HnO-^ benzoic acid, acetoacetic ester equilibrium 
mixture, aniline + ammonium thiocyanate phenyl thio car- 
bamide, were accompanied pari passu by regular and progressive 
changes in viscosity. They were able in these cases to determine 
the reaction velocity constant for each reaction by means of 
viscosity measurements, which showed the reactions to be of the 
first order. 

We may regard it as a fact established, that cytolysis is due 
in the main to an increase in fluidity (decrease in viscosity) of 
certain cell constituents, probably lipoids. A measme of cytolysis 
therefore becomes a measure of the fluidity of the system. This 
increase in fluidity may be due either to a simple melting or to a 
chemical reaction. From the foregoing it is apparent that our 
task is to decide between these two possibilities. Stated in 
another way, our problem becomes: Is cytolysis a monomolecular 
reaction? 

It has been shown'* that the progress of the cytolysis reaction, 
i^e.j the increase in the percentage cytolyzed during a given time 
interval can be followed step by step, simply by removing a 
pipetteful of eggs from the hot sea water from time to time, 
putting them into a watch-glass of cold sea water, and afterwards 
deteimining the percentage cytolyzed by counting several hun- 
dred eggs in each watch-glass. Such measurements give a basis 
for deciding the character of the reaction, whether it is a physical 
process involving only the relation of molecules to each other, 
or to a chemical reaction involving a transfoimation within the 
molecule, such as a hydrolysis. 

The fact that the percentage of eggs cytolyzed at a given tem- 
perature, T°, is a function of the time for which T"" is maintained 
may be interpreted in one of two ways:® 

1. The time at T° necessary for an egg to cytolyze may be 
due chiefly to the age of the egg, in which case the reaction 
should be slow at first, most rapid when the process is half com- 
pleted, and fall off to zero at the end. If such were the case, the 
time plotted as abscissse against logg iV (W, number of eggs 
remaining uncytolyzed at the end of the time interval taken) 
as ordinates, would give a double curve graph. 

Arrhenius, Quantitative Laws in Biological Cheniistry, London, 1915, 
78. 
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2. The increase in the number cytolyzed with time may amount 
to a certain percentage of the eggs remaining uninjured at the 
end of each time interval, and therefore be independent of the age 
or natural resistance of the egg. Such a dependence on the law 
of probability is shown by chemical reactions. In this case the 
graph resulting from plotting time as absciss© against loge N as 
ordinates must be a straight line, 

Figs. 1, 2, 3, and 4 show that hot water cytolysis fulfills the 
requirements of the second case and is therefore of the nature 
of a chemical reaction. 

The temperature coefficient of the process and thcj logarithmic 
relation of the percentage change to time both indicate hot water 
cytolysis to be of the nature of a chemical reaction. If this con- 
clusion is correct, then it should be possible to determine the order 
of the reaction. 

Using the method described, a large number of measurements 
of the percentages of cytolysis at various temperatures were 
nade. It is obvious that on account of the variations between 


:he lots of eggs from different individuals, and because we are 
forced to determine each percentage from a few hundred eggS; 


the experimental errors are large. Nevertheless^, repeated tests 
made in different seasons, with the fresh unfertilized eggs of the 
sea urchin, Strongylocentrotus purpuratus, have given concordant 
results. In the table, each one of Experiments 1, 2, 3, and 4 
represents results derived from the eggs of one individual sea 
urchin. Experiments 5 and 6 show the rates of cytolysis in two 
lots of eggs from the same female, tested at the same ^ 
Experiment 5 the eggs were normal unfertilized; in Experimen 
the eggs were kept for 10 minutes in a solution of SrCh 3/ 


before being put into the heated sea water. , . 

In testing the hypothesis set forth above, whether cyto ys^ 
due to a monomolecular reaction, the form of the equation use 


loge N'o — iQgg AT t_ 


le experiment h; iVi is tne percentage u. ^ 

ol .a given time X is the reaetion 
i the calculations were made from to ~ u 



TABLE I. 


t 



Logc 

K- — 


Experiment !• T=: S5®. to = 

: 10. 

10 

98 

4.58 


20 

88 

4.47 

0.011 

30 

55 

4.00 

0.029 

40 

51 

3.93 

0.022 

50 

33 

3.49 

0.027 


Experiment B, T = 55®, io = 

= 10. 

10 1 

97 

4.57 


20 1 

68 

1 4.21 


30 1 

55 


0.0285 

40 

40 

3.68 


60 

33 

3.49 

0.022 


Experiment 5. T = 59®, (o 

= 2. 

2 

91 

4.51 


4 

44 

3.78 

0.36 

6 

33 

3.49 

0.25 

S 

12.5 

2.52 

0.33 

10 

10 

2.30 

0.28 


Experiment 4. T = 4^^'** 

= i. 

4' 

97 

4.57 


5 

90 

4.49 

0.080 

7 

75 

4.31 

0.086 

9 

65 

4.17 

0.080 

11 

60 

4.09 

0.069 

13 

60 

3.91 

0.073 


Experiment 5. IT U = S. 


3 


4.600 

1 

5 

99 

4.589 

1 0.005 

10 

95 

4.549 

0.007 

20 

85 1 

1 

4.439 

0.0095 

AveraRe ! 

f) riATo 


U.UU/2 


Experiment 6. T ^ 57.5®. U = o. 


3 

5 

10 

20 

Hi 

4.44 

4.17 

3.55 

2.99 

0.053 

0.086 

0.105 

0.080 

Aveiage. . . . 

0.081 
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were invariably low in value. This may be due, as Arrhenius sug- 
gests,^® to the necessity for an incubation period in the reaction.^ 
The constants calculated from (q ^ t oi the first experimental 
reading show a fair degree of agreement. Hence we must con- 
clude that the increase in fluidity which gives rise to cytolysis 
is due to a simple monomolecular reaction, possibly a hydrolysis. 
It will be seen that such a conclusion is in accord with Schroeder's 
theory and with the results of Dunstan^s and Mussell's elaborate 
investigations. 



The Effect of Strontium Ions on (he Reaction Velocity of Cytolysis 


Loeb^“ has shown that treatment of the unfertilized eggs of t i 
sea urchin with SrCh solution causes them to form fertitotion 
membranes (superficial cytolysis) when treated with 
serum. Robertson’® has shown that CaCh solution acts in 


Arrhenius, Quantitative Laws in Biological Chemistry, London, I 

11 Charging the cylinder of heated sea water with 
ecessarily reduces the temperature at the outset of the 
.2-0.4°C.; experimental temperature is recovered m j 913 , 185. 

w Loeh, Artificial Parthenogenesis and Fertilization, O g - gg 
1. Robertson, T. B., Arch. Entwcklngsmechn. Organ., 1912 13, 
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same way. The writer found^^ that the eggs of Strongylo- 
centrotus purpuratus could be fertilized with starfish sperm if 
&st sensitized with SrCh, and that the rate of hot water cytolysis 
increases enormously if the eggs have been kept for a few minutes 
in 3/8 M SrCk solution before being put into the heated sea water. 
A consideration of Experiments 5 and 6 shows that the magnitude 




of the velocity constant of cytolvsis at 37 

with SrCb solution is elevT treated 

aeSrCl,ad*nre°eL t a/rf Smee 

tte reaction as a catalyzer influence 

‘-~t to note aaTSSout? 

am on protoplasm as due to its action as a catal^r ot emtab 
1916. ■ •’ Laboratory Lectures, Woods 
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metabolic reactions. The suggestion may then be made that the 
sensitizing action of Sr and Ca ions on sea urchin eggs may be due 
to the fact that these ions act as catalyzers of the cytolysis reaction. 

CONCIilTSIONS. 

1. Hot water C3ix)lysis of the fresh unfertilized eggs of the sea 
urcliin depends upon an increase in the fluidit}^ of certain of the 
eggs' constituents, which cliange is caused by a process proceed- 
ing at the rate of a reaction of the first order. 

2. Strontium ions act as a positive catal5’'st of the 03^0]}™ 
reaction. The action of strontium ions in sensitizing sea urchin 
eggs to foreign sera and to starfish sperm may be due to catalysis 
of the cytolysis reaction. 



IS LYSINE THE LIMITING AMINO-ACID IN THE 
PROTEINS OF WHEAT, MAIZE, OR OATS?* 

By E. V. McCOLLUM, N. SBBIONDS, and W. PITZ. 

(From the Laboratory of Agricultural Chemistry of the Wisconsin Expert- 
meni Staiiorif Madison.) 

Plate 4, 

(Received for publication, November 27, 1916.) 

Data published in 1914 by Osborne and MendeP were inter- 
preted by them as indicating that maintenance but not growth 
of an animal is possible without the amino-acid lysine.^ This 
created the impression in the minds of several investigators 
that this amino-acid is the limiting factor in determining the 
value of many proteins of vegetable origin.^ The analytical 
data secured by Osborne, Van Slyke, Leavenworth, and Vino- 
grad® on a number of plant proteins support this interpretation. 
They conclude that the lysine content of the proteins of the endo- 
sperm of wheat, maize, and rice is respectively 1.58, 0.97, and 
4.26 per cent of the total nitrogen, and state that “It is rather 
striking that the figures for the utilizability of these proteins 
correspond so closely with the lysine which they yield,’' 

Buckner, Nollau, and Kastle^ interpreted the experimental 
data of Osborne and Mendel^ as showing that “lysine is pri- 
marily responsible for the stimulation of growth.” They fed 
to chicks such complex mixtures as wheat, wheat bran, sun- 
flower seed, hemp seed, and skim milk, and contrasted the results 
with those obtained with a ration which consisted of a mixture of 
barley, rice, hominy, oats, and gluten flour. They interpreted 

♦ Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

1 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1914, xvii, 325, 334. 

*Buclmer, G. D., Nollau, E. H., and Kastle, J. H., Am. J. Physiol, 
1916, xxxix, 162 (and 21) ; Kenincky Agric. Exp. Siaiion, Bull. 197, 1916. 

Slyke, D. D., Leavenworth, C. S., and Vinograd, 
M., J. Biol Chem., 1915, xxii, 259. 
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the results of these feeding experiments as making it evident that 
the marked differences shown by the two lots of chicks in rate 
of growth and development are to be ascribed to the "differences 
in the amino-acid content of the two rations and in all probability 
to differences in the lysine content. ” 

The findings of Osborne® that gliadin purified as far as possible 
still yields 1.21 per cent of lysine natmally invalidate the earlier 
deductions of Osborne and Mendel that lysine is dispensable 
from the diet during maintenance. 

In more recent work by Osborne and Mendel^ they employed 
corn gluten, containing about 1 per cent of lysine, together with 
1.33 per cent of n X 6.25 as “protein-free milk" as the sole 
source of protein. They compared the growth obtained with 
this protein mixture with that obtained with rations similar in 
. their make-up except that the corn gluten and "protein-free milk" 
nitrogen was supplemented with lactalbumin and cottonseed 
flour respectively. The latter additions are known to yield 
the amino-acid lysine in relatively high amounts. The authors 
state that their results confirm the conclusions drawn by Buckner, 
Nollau, and Kastle respecting the effect of foods high and low 


in lysine on the growth of chicks. 

In the course of our studies directed toward ascertaining the 
supplementary relationships among the natmally occurring food- 
stuffs, we have secured data which bear on this subject in a 
definite way. The results leave no room for doubt that a generali- 
zation cannot be safely made that any one amino-acid, as lysine, 
is present in the protein mixture in our more common vegetable 
foods in amount relatively smaller than are other essential ammo 
acids. Indeed we are forced to the conclusion that in the protem 
mixture of the maize kernel and the oat kernel, l^ine 
is not the essential protein cleavage product which is 
in amount so small that it is the limiting factor which determi 


he biological value of the proteins of these seeds. ^ 

Our rations were made up after the following pkm 
aixture consisted of a single grain so supplemented mt . 

alts and butter fat as to be p^perly “ S « 

Towth and prolonged well-being, except that t P j 
in amount to promote growth at the normal rata. 


1 Osborne and Mendel. J. Biot. Chem., 1916. loni, 293, 299. 
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all cases our rations were sho\vn to be made highly efficient for 
growth by the addition of purified protein alone, when c^cm 
was employed. Casein is well knowi to be a complete protein, 
and to suffice as the sole source of nitrogen throughout the life 

of therat.^ , , , . , ^ 

Rations made up in this way were fed without the addition of 

supplementary protein and also with the addition of the incom- 
plete proteins zein and gelatin respectively. The former yields 
no lysine while the latter yields about 6 per cent.^^ Obviously 
if lysine were the one amino-acid whose addition is necessary 
in order to improve the protein mixture of the grain employed 
in the food mixture there should be a response with growth when 
gelatin was added and no improvement when zein was added. 

For completeness we also present curves of gro^vth showing 
the effect of adding wheat gluten, the proteins of which yield 
but little lysine (1.58 per cent)^ to rations wliich aside from the 
wheat gluten addition, derived their protein solely from the 
wheat, maize, and oat kernels respectively. 

Our results may be briefly summarized asfolloAvs: 

1. Zein does not supplement the protein mixtiu’e in the wheat 
kernel or the maize kernel so as to improve the rate of growth of 
young rats (Charts 3 and 10). 

2. Zein does supplement the proteins of the oat kernel in a 
surprisingly efficient manner (Chart 7) although it lacks trypto- 
phane and lysine and is one of the poorest of the proteins in cyrstine. 
In the proteins of the oat kernel, therefore, the above amino- 
acids are eliminated as being possibly the essential protein cleav- 
age products present in minimal amount, and determining the 
plane of intake essential for growth. 


® This statement rests on our experience reported elsewhere (J. Biol, 
C/icm., 1915, xxiii, 231) of observing growth at about the normal rate on a 
diet in which 99 per cent of the nitrogen was furnished by casein and 1 
per cent by the alcoholic extract of wheat germ, added for the purpose of 
supplying the still unidentified dietary factor, the water-soluble B. 28 per 
cent of protein-free milk/* containing 0.76 per cent of nitrogen, which 
serves the same purpose as our extract, furnished, when fed with 18 per 
cent of purified proteins, 6.9 per cent of the total nitrogen of the food 
mixture in foms not further characterized except that we have found It 
not to be without biological value as a source of the cleavage products of 
protein (J, Bxol. Chem., 1915, xx, 415). 
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3. Gelatin chemically supplements the protein mixture of 
both the wheat kernel and oat kernel respectively. Since gelatin 
contains no tyrosine or tryptophane, and but a trace of cystine, 
but contains 6 per cent of lysine, it is evident that neither tyro- 
sine, tryptophane, nor cystine is the limiting amino-acid in these 
grains. It tends to support the view, but does not prove that 
lysine is the amino-acid whose addition alone to the wheat pro- 
tein mixture raises the biological value of the latter. 

4. The addition of wheat gluten to either the wheat or maize 
kernel proteins supplements them so as to improve growth. The 
proteins of the wheat gluten are probably as a mixture qualita- 
tively adequate as respects all of the indispensable amino-acids, 
although we cannot look upon this point as definitely estabh'shed. 
One of its constituents, glutenine, has been shown by Osborne 
and Mendel to be capable of supporting growth when it furnished 
93.2 per cent and “protein-free milk” 6.8 per cent. 

It seems probable, therefore, that our combinations of wheat 
kernel proteins with wheat gluten, and of maize kernel proteins 
with wheat gluten led to growth because of a higher intake of 
protein rather than to a supplementary relationship between 
the proteins from the two sources in the sense of :>ne making good 
the amino-acid deficiencies of the other. The results of feeding 
maize proteins with wheat gluten are of particular interest, 
however, because of their pronounced effect in promoting growt 
despite the relatively low lysine content of both the wheat an 
maize proteins. 

Gelatin with its high lysine content does not improve the pro- 
teins of the maize kernel. 
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Chart 1. Lot 651 shoves the growth curves of rats whose protein supply 
is limited to that contained in 71,3 per cent of ground maize. The salt 
mixture and butter fat included in the food mixture make satisfactory 
the inorganic content and the content of the fat-soluble A. The maize 
contains an abundance of the water-soluble B.® The one dietary factor 
which is responsible for the stunting and ultimate suspension of growth 
is the insufficient amount and poor quality of the protein in this food mix- 
ture. When 10 per cent of protein of wheat gluten is added to this diet it 
becomes adequate for normal growth (Chart 4). A similar improvement 
in growth should result in some degree from the addition of a single amino- 
acid, if we knew which of the essential ones is present in limiting amount 
in the mixture of maize proteins found in the seed. We have supplemented 
this ration with gelatin and with zein in order to ascertain whether lysine 
is the limiting amino-acid in the maize proteins (compare Charts 2 and 3). 

* McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol, Chem.f 1916, 
xxvii, 163. 







iiVHO 


488 


Lysine 



illSg.ls 

O . g.S g*g^ g 

*-< O m 5Q>£3 

^ O^J3 >,Sc?c? 

rf’~' m 

.2 to J -J & g g c 

e 3 tiS ^ J ja S 5 

S'M 0*3 

fC 5 IB ^ ft cS ^ 2 

o ^ -M 'r* O « 
B to ^’^2 

^ S C3 ® fci ® 

to C? f" O “ r « 

rt B B ft ’*5 


tn ^ *13 W ^ r 

S« ^-sJl 

I ^ X ^**^^00 
I “ o 5 -♦J ^ 

IB ^ B ., « >. 

^-.sliS-l: 

S '2 2 ^ f 5 § 

I g o ^ B g.- 

I «> .2 d ^ 

' *> fl ® g 2 ? ■ 

m jc q 0 « CP > 

I « ^ CP -S ^ >> 5 


^ s 11 Ff 

2 .§«:§ g.b g 

g ‘d ^ c3 O CJ ^ 


S a «> .2 

'B » w 3 

d o § 

M ^ S 
« CP 

CP ft 

^ C3 o ^ 
^ S to 


S :b ^ 2 5 

ft c3 O “5 ^ 

'Sft^^PfdCP 

B cQ<*^ B*3c>fe 
to ^ o ft « d ^ ■’ 

S'e’SSgoO'g 

^■gSgages^, 

CPo CP ^*hcc3'2^i 

^ S £ 'd fl ^ d* 
*»2 K# H o cJ S .s 
c3 p^ ‘Cn O i 

^ fcO ft fi ft ^ ; 

. 2 ^^ ii-'S o > 

•s-g o2 ° § 5^1 
^:2 u J fi cJ 3 e-i 
§^ 2 ^S 8 "«'i 

^ ^ ft« ^ 

‘o CO S ^ .5 td .12 ^ 

Si§gS|^g£ 

•a . 3 's £ g P'S " w 

§ g|>-o|£ ® 3 I 
§£§ 1 ? 
g - ^ II g 

c<i o ^ d«0 og 

P4 d ? *r^ 


^ 2 5 H .ft {C 

p< CP .ft 2 US tC 
P K •£; d ^ 


E. V. McCollum, N. Simmonds, W. Pitz 489 


CHAHt? 3 


of bait 


mixture l&b set Cha, 


aHisHBa 


Chart 3. Lot 759 shows that the additiou of 2 ;em to 7.13 per cent of 
maize proteins does not increase the biological value of the latter in a 
noticeable degree (compare Charts 1 and 3), 

Zein contains no lysine. In marked contrast to its failure to supplement 
the proteins of the maize kernel is the pronounced benefit resulting from 
the addition of zein to a diet the protein content of which is inadequate 
in amount and which is wholly derived from the oat kernel (Chart 7). 
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Chart 4. Lot 650 shows the great improvement in growth and well-beingo 
fed the same ration as those described in Charts 1 to 3 inclusive but with 
of protein added in the form of wheat gluten. 10 gm. of the protein of wheat 
yield the same amount of lysine as do 3.5 gm. of gelatin. Gelatin additions do 
improve the maize proteins in the slightest degree. We interpret these resu 
indicating that lysine is not the limiting amino-acid which determines 
value of the maize proteins. Since the protein mixture in either the maize 
wheat kernel is qualitatively adequate for growth, there is no evidence from ® 
here described that there is a true supplementing action between wheat 
proteins. The good growth is due rather to the high content of a mixture o 
of low value. The relative lysine contents of wheat gluten proteins an 
to emphasize, however, that lysine addition does not raise the 
for growdh. In Fig. 2, the rat on the right shows the appearance o ^ 
on this mixture. 
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Chaet 5. Lot 646 illustrates the character of the growth curves of rats 
fed a ratiou all the factors of which were properly adjusted except that 
the content of protein (9.0 per cent) which was derived solely from rolled 
oats was too low for normal nutrition. This food mixture, when n part 
of the dextrin is replaced by protein of suitable quality, becomes adequate 
for complete growth (Charts 6 and 7). We have selected this ration for 
the purpose of testing whether it is better supplemented by a protein 
yielding a high proportion of lysine (gelatin) than by one yielding low 
lysine (wheat proteins) or one yielding no lysine (zein). The results 
(Charts 6, 7, and 8) show that during the first 4 months the addition of 
zein led to greatly improved growth, despite the absence of lysine. 
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Chart 7. Lot 760 when compared with Lot C46 (Chart 5) shows the 
marked benefit to the animals which resulted from BuporimposinR 10 per 
cent of zein upon the 9 per cent of oat protein contained in the basal ration 
employed in Charts 5 to 8 inclusive. On this ration with dextrin replacing 
the zein we have never seen rata grow beyond the fith week. The addition 
of zein enabled them to grow at nearly the normal rate during 4 months 
dnd led to the production of two litters of young. The young were not 
reared. We interpret this result as leaving no doubt that a protein which 
does not yield lysine* serves to enhance the value of the proteins of the oat 
kernel, and seems to exclude the possibility of lysine being the limiting 
amino-acid in the protein mixture of the oat kernel. 


« Osborne, T. B., and Leavenworth, C. S., J, Bioh Chcm„ 1013, xiv, 481. 
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Chart 9. Lot 493 shows the degree of depression of growth in rats when the protein 
content of the diet is all derived from 70 per cent of wheat (7 per cent of protein). 
The substitution of a part of the dextrin of this food mixture by a suitable protein 
renders it adequate for the support of normal growth and reproduction.^® 

We have employed this mixture as a basal ration to which we have added (a) zein and 
(b) gelatin, to ascertain whether the supplementing action of these incomplete proteins 
would indicate whether lysine is the limiting amino-acid in the protein mixture in the 
wheat kernel (compare Charts 10, 11, and 12). 


McCollum, Simmonds, and Pitz, Am. J. Physiol., 1916, xli, 352. 
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CHART 10, lOT p58 


7 *' . , . 

Chaht 10. Lot 758 illustrates the pSei^t' ^ 

amino-acids which determine the " J,e would lead to 

ration the addition of more of a p o niialitatively complet® (*•*■» 

better growth, provided the protein adde 

contains all the essential n’roteins only^when it 

rein "will improve the quality of the p nroteins of the 

amino-acid which is present indispensable amino-acjs 

per cent of wheat in the diet. Since « f ^ t that one o 
Lin lacks only Osborne and Mendel bav 
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Cha-HT 11, Lot 661 supports the idea that lysine is the limiting amino- 
acid which determines the value of the protein mixture of the wheat kernel. 
So small an addition as 3.5 per cent of gelatin, because of its high lysine 
Content, greatly increases the utiliz ability of the wheat proteins. With- 
out this addition growth takes place at a rate approximating half the normal 
expectation. With the gelatin addition growth proceeds at the normal rate 
(compare Charts 9 and 11). 
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Chart 12. Lot 652 confirms the results obtained •o’ith Lot 661 ( 
in showing that gelatin and the protein mixture of the wheat 
ally make good the shortage of certain amino-acids in 
cether form a protein mixture w'hich is of much better ^ rnmoared 
component alone. This result is especialb’^ interesting w gelatia 
with the nutritive value of the proteins of the maize the 

added (Charts 1 and 2). The latter combination is 
maize protein portion fed alone, and as is well Kno\sn, g 
sole protein is without value as a source ^ i j^portance of a 

one of the most striking illustrations yet ^ proteins of o^f 

knov.-ledge of the supplementarj- ^ on this aixtuf®- 

foodstuffs. Fig. 3 shows the appearance of the rats fe 
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EXPLANATION OF PLATE 4 . 

Fiq. 1. These animals from Lot 649 (Chart 2) received a diet containing 
17 per cent of protein, 10 per cent derived from gelatin and 7 per cent from 
maize. Gelatin does not improve the proteins of the maize kernel, even 
though it yields 6 per cent of lysine. This ration with wheat gluten or 
casein replacing the gelatin induces good growth and well-being. The 
rats were the same age as those in Fig. 2 when photographed, 

Fiq. 2. The rations of these two rats were identical except the source 
of the protein content. The rat on the left received 7 per cent of maize 
proteins plus 10 per cent of gelatin (Lot 649, Chart 2). The one on the 
right, from Lot 650 (Chart 4), received 7 per cent of maize proteins plus 
10 per cent of wheat gluten protein. Gelatin supplements both wheat 
and oat proteins, but not those from maize. Both rats were the same age 
when photographed. 

Fig. 3, This rat from Lot 652 (Chart 12) illustrates the good state of 
nutrition of animals fed wheat supplemented with gelatin. Wheat pro- 
teins are greatly improved by being combined with gelatin, whereas 
maize proteins ate not (compare Charts 1 and 2 with 12). This rat is the 
Same age as those in Figs. 1 and 2. 
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THE EFFICIENCY OF CERTAIN MILK SUBSTITUTES 
IN CALF FEEDING.* 

By R H. CARR, GEORGE SPITZER, R. E. CALDWELL, and 
O. H. ANDERSON. 

{From the Laboratory of the Purdue Experiment Station, La Fayette, Ind,) 
(Received for publication, November 20, 1916.) 

On account of the scarcity of skim milk for calf feeding an 
attempt was made to find some suitable substitutes. Experi- 
ments were carried on with a mixture of various vegetable pro- 
teins and also with a mixture of vegetable and animal proteins 
from various sources. The objects were, first, to determine to 
what extent a calf meal made up of both animal and vegetable 
feeding materials, rich in protein, could take the place of skim 
milk, and, second, to determine whether the proteins from wholly 
vegetable sources are capable of producing growth and develop- 
ment of the calf to the same extent as the proteins from animal 
sources. 

The feeds were all mixed at the Purdue Dairy Barn, enough of 
each meal being mixed before the beginning of a period to carry 
through that period, which insured a uniform meal A sample 
was taken from each meal at the time of mixing, for chemical 
estimation of the nitrogen content, and from this the amount of 
nitrogen consumed daily was calculated. 

The skim milk which was fed was prepared by use of a cream 
separator and was fed fresh, at a temperature of about 98° F., 
or practically body temperature. The calf meals were mixed 
with water, 4 ounces of meal to 3 pounds of water at first, increasing 
to 12 ounces of meal with 9 pounds of water, and fed at the same 
temperature as the skim milk. The dry mash, consisting of 


* Acknowledgments are due to Professor O. F. Hunziker, Chief of the 
Dairy Department, for permission to carry on this investigation- 
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equal parts of ground com and oats, was fed dr}-, the amount 
being carefully weighed to each calf, as was also the alfalfa hay. 
Salt and water were allowed ad libitum. 

The calves were kept on as heavy a ration as possible, and were 
allowed all of each feed that they would readil}'' consume. When- 
ever it was shown by portions of any feed left unconsumed that 
the amount given was too great, the rations were reduced accord- 
ingly. The care with which the calves were fed and the attend- 
ing success can be shown bj- stating that only at two different 
times during the test was any calf off feed, and that only during 
one period of 3 to 5 daj’s, in the case of two of these calves, was 
there a loss of body weight. In each case this loss was less than 
1 pound each day during the time. 

Feed refused at an}-- time was weighed and a record made of 
the kind and amount. 


FEED CHART. 

Feeding Periods and Feeds Received bg Each Calf. 


Calf 

BiO 

B43 

B41 



- 

Period I, 
29 days. 

! 

Skim milk. j 
Alfalfa hay. 
mash. 

Skim milk. 
Alfalfa hay. 
mash. 

Vegetable 

meal. 

Alfalfa hay. 
Dry mash. 

Home 

meal. 

Alfalfa hay- 

Do' mash* 

Period IL 
25 days. 

Home mixed 
meal. 

Alfalfa hay. 
Dry mash. 

Vegetable 

meal. 

Alfalfa hay. 
Diy mash. 

Skim milk. 
Alfalfa hay. 
Diy mash. j 

Skim milk. 
Alfalfa hay. 
Dry mash. 

Period 

III. 

18 days. 

Vegetable 
dried blood 
meal. 

Alfalfa hay. 
Diy' mash. 

Home mixed 
casein meal. 
Alfalfa hay. 
Diy^ mash. 

Vegetable 
dried blood 
meal. 

Alfalfa hay. 
Dry mash. 

Home mixed 
casein meal. 
Alfalfa hay 

Dr>’ mash. 
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The meals used were mixed as follows: 

1. Vegetable meal. 

Linseed meal.* 

Soy bean meal. 

Cottonseed meal. 

Wheat middlings. 

2. Home mixed meal. 

Hominy 5eed. 

Linseed meal.* 

White Swan flour, 
rjried blood. 

3. Vegetable dried blood meal. 

Soy bean meal. 

Linseed meal.* 

Cottonseed meal. 

Wheat middlings. 

Dried blood. 

4. Home mixed casein meal. 

Hominy feed 9 parts by weight. "I 

Linseed meal.* 9 “ “ “ I TJ 02 

White Swan flour 9 « “ » f 

Casein 8 “ “ “ J 

Nitrogen content of the other feeds: 

Skim milk N 0.55 

Mash N 1.46 

Alfalfa hay N 2.53 

* Old process. 


Equal parts by weight. N 4.97 per cent. 


Equal parts by weight. N 5.60 


Equal parts by weight. N 6,00 


Average of Periods I, II, and III hy Calves. 

The figures in the tables are obtained by taking an average 
of the figures by 3 day periods. These give the average daily 
nitrogen intake, nitrogen retained, total nitrogen excreted in 
urine, nitrogen excreted in the form of urea, nitrogen excreted 
in the feces, the body weight, the body gain, the weight of the 
urine, and the amount of dry matter or solids in the feces, each 
in gm., extending over a period of 24 hours. 

Tables I and II give detailed illustrative figures selected for two 
of the four calves used in the feeding experiment. 

Figs, 1 to 5 show the amount of nitrogen consumed and its 
distribution. 
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TABLE I. 


Average Daily Figures by S Day Periods, 



Total nitrogen. 

d 

13 

X 

a 

u 


Date, 

6 

o 

c 

X 

c 

In feces. 

1 

M , 

0-0 

o 

5? 

Retained. 

w 

*o 

U! 

1 1 

•2 

fid 

P 

.a 

.S? 

1 

•g 

n 


B 41* Period II, Skim Milk Ration, 



ms 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

kg. 

kg. 

Jan. 

30 

G3.95 

26.79 

22.82 

49.61 

14,34 

19.36 

1,945* 

714 

7S.i 

1.63 

(C 

31~Fcb. 2. . 

63.87 





15.17 

1,673 

712 

IRltW 

1.03 

Feb. 

3-5 

63.31 

jl9.95 

17.62 

37.58 

25.73 

liHii 

1,676 

668 

81.f 

1.63 

it 

G- 8 



16.14 

36,35 

\mm 

15.75 

1,530 

548 

83.S 

1.63 

it 



78.37 


22.20 

42.39 

35,97 

15.78 

1,500 

mim 

85.6 

2.35 

it 

12-14 

81.38 

23.43 

23.97 

gaBtl 

mm 

17.49 

1,420 

717 

89,5 

3.81 

« 

15-17. ..... 

78.37 

25.43 

26.79 

52.22 

26.14 

19.25 

1,977 

794 

92.5 

3.0S 

« 

18-20 



28.56 

52.69 

25.27 


1,688 

mm 

95.1 

2.57 

it 

21-23 




54.48 

20.32 

25.18 

2,141 

716 

96.6 

1.61 


B U- Period III. 

Vegetable Dried 

Blood Meal 

Ration, 


Peb. 

24-26 

83.93 

29.86 

33.77 

63.63 

20.29 

24.83 

1,763 

8071 

97,7 

l.OS 

« 

27-29 


25.71 

45.19 

70.91 

23.83 

19.69 

2,161 


98.3 

0.51 

Mar. 

1-3 



47,23 

68.05 

16,31 

15.34 

2,348 

HttfSIl 

mm 

3.03 

<( 

4-6 



45.32 

69.22 

27.32 

18.19 

1,971 

912 

105.5 

4.17 

a 

7-9 

96.55] 

26.94 


75.85 


22.99 


racisj 

m\ 

2.90 

it 

10-12 


26.33 

i29 



21.99 



[n.4j 

2.91 
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TABLE I— Concluded. 


Date* 

Total nitrogen. 

o 

c 

p 

*o 

a 

u 

V 

% 

B g 

Body weight. 

a 

*a 

o 

6 

& 

o 

0 

(3 

v-t 

u 

u 

o 

C 

> 

X 

o 

’3 g 
% w 

t3 

o 

a 

*S 

o 

■si 

S3 

w 


BU- 

Period II 

Skim Milk Ration. 






om. 

pm. 

flm. 

ijm. 

Om. 

gm. 

(7m. 

gm. 

kg. 

Ig. 

Jan. 30 

60.70 

17.72 

30.26 

47.99 

12.71 

15.18 

2,458 

742 

71,7 

1.79 

tt 

31-Feb. 2. . . 

57.78 

17.93 

22.57 

40.50 

17.27 

12.41 

1,618 

637 

72.5 

0.87 

Feb. 

3-5 

57.58 

18.88 

12.39 

31.28 

26,29 

14.77 

1,976 

500 

73.9 

1.36 


6-8 

64.70 

20.27 

16.43 

36.71 

27.99 

16.65 

1,938 

622 1 

75.0 

1.11 

« 

^11 

72.63 

25.14 

15.60 

40.64 

131.99 

18.71 

1,422 

519 

76.8 

1.81 

tf 

12-14 

75.65 

25.48 

22.15 

47.63 

28.01 

19.72 

1,494 

828 

80.1 

3.26 

u 

15-17 

75.65 

23.72 

26.24 

49.96 

25,68 

19.40 

2,176 

723 

83.2 

3.08 

(( 

18-20 

, 75. 6S 

21.96 

22.84 

44.81 

30.83 

16.61 

1,955 

1 744 

86.2 

2.96 

(( 

21-23 

, 75. 6£ 

>24.5C 

22.94 

1 47,44 

128.2C 

119.66 

1,594 

: 625 

88,9 

1 2.75 


B 44* Period IJI. Home Mixed Casein Meal Ration. 


Feb. 

24-26 

50.32 ‘ 

28.55 

26.18 

54.73 

25.581 

23.33 

1,894 

754 

91.6 


{( 

27-29 i 

58.07 ‘ 



53.79 


19.47 

2,527 

Mm\ 

94.3 

2.69 

Mar. 

1-3 

?9.75 


WKm 

61.97 

17.77 

21.85 


834 

96.9 

2.60 

u 

4-6 

89.87 

25.66 


snEni 


mm\ 

2,767 

875 

99.3 

2.44 

it 

7-9 

88.67 

27.58 

35.23 

62.81] 

25.85 

22.75 

2,522 



2.45 

« 

10-12 

89.87 

28.25 

35.74 

63.99 

25.87 

24.14 


929 


2.54 


B 

U- 

Period L Home 

Mixed Meol Ration. 



Jan. 

1-2 

43.34 


22.78 





411 

52.3 


it 

3-5 

55.91 

liUIW 

19.13 


125.10 

8.46 

974 

428 

54.2 

1.81 

« 

6-8 

56.55 

13.88 

25.61 

iSKii] 



1,515 

544 


1.81 

(( 

9-11 

56.57 

13.44 

26.51 

139.95 

16.62 

10.53 

2,149 

601 

57.6 

l'.57 

(( 

12-14 





23.99 

9.43 

1,992 

509 

58.7 

1.14 

u 

15-17 


B 

27.80 

142.82 

14.27 


1,269 

626 

mM 

1.72 

u 

18-20 

60.25 

16.62 



inaEg! 


1,823 

703 

63.4 

2.99 

C( 

21-23 

60.3S 

15.43 

25.14 

40.58 

19.80 

11.44 

1,505 

690 

65.5 

2.08 

C( 

24-26 

60.90 

15.15 

28.98 

44.14 

16.76 

11.71 

1,956 

739 

67.3 

1.75 

« 

27-29 

65.37 

m 



23.27 

12.37 

2,592 

699 

69.9 

2.61 
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TABLE II. 

Average Daily Figures for All Calves^ by Periods. 



Nitrogon. 



Hi 

Dry 

matter 

in 

feces. 


Calf 

No. 

Intake. 

Retained. 

ja 

1 3 

1 ^ 
i ^ 

c 

1 

•xs ^ 

is 

w 

-5 

1 

>> 

Gain. 

■ 

Ration 

j 


Period /. 




gm. 

gm. 

gm. 

gm. 

gm. 

hg. 


gm. 

gm. 


-I B 

40 

56.13 

25.51 

15.21 

15.39 

11.81 

63.3 

IlgBS 

1,135 

453 


/ B 

43 

69.43 

28.78 


IwiiES 

15.57 

80.0 

2,72 

3,039 

609 

u tt 

B 

41 

61,25 

17.85 

17.42 

25.96 

13.54 

68,6 

1,91 

1,685 

665 


B 

44 




25.19 

10.89 

61.4 

1.73 

1,753 

604 


Period 11. 

B 

40 

81.63 

25.38 

38.79 

37.45 

14.27 


1.87 

2,051 

827 


B 

43 

83.67 

21.44 

26.99 

35.32 

21.03 


1.78 

2,537 

878 

Vegetable meai. 

B 

41 

73.56 


23.17 

22.61 

17.71 

isfti 

2.21 

1,701 

717 


B 

44 

Bftgn 


22.24 

20.13 

17.24 

79.5 

2.15 

1,575 

649 

n •• 


Period III* 


B40 

91.68 

19.89 

24.42 

47.31 

19.46 

104.0 

2,47 

2,143 

996 

B43 

bl,87 

j 

26.88 

30.80 

34.18 

24.98 

118.9 

3.27 

2,379 

947 

B41 

92.11 

21.88 

25.59 

44.63 

20.51 

103,7 

2.45 

2,220 

' 9S0 

B44 

1 

86.09 

26.32 

27.02 

32.74 

22.01 

98.0 

2.57 

2,553 

90S 


Vegetable 

blood meab 
Home mixed case- 
in meal. . 

Vegetable 

blood meal. 
Home mixed 
in meal 
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Fig. 4. 


Fig. 5. 


Fig. 1. Skim milk ration. Circle = 2.44 gm. 

Fig. 2. Vegetable meal ration. Circle = 3.66 gm- 
Fig. 3. Home mixed meal ration. Circle = 3.11 gm. 
Fig. 4. Vegetable dried blood meal. Circle ^ 4.39 gm. 
Fig, 6. Home mixed casein meal. Circle = 3.33 gm. 
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Fig. 6. This crate shows one of the four used in the feeding expe^" 
mcnt, and was moved outside of the barn for the purpose of being pho ® 
graphed. 


SUMMARY. 


I. The following amount of nitrogen consumed in the ration 
was retained. 


Skim milk ration 

Home mixed meal 

Home mixed casein meal — 

Vegetable meal 

Vegetable dried blood meal. 


IL The excreted nitrogen was divided as follows. 


Skim milk ration: in urine 49.5 

« ** “ feces 

46.3 

Home mixed casein meal ration: in urine 53 7 

It it it a it feces 
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prrcmt 


Vegetable dried blood meal ration: in urine 35.0 

ft tt tt tt CC tt 04.9 

Home mixed meal ration: in urine 34.2 

« « feces C5.2 


HI, The gains in gm. of body weight per gm. of nitrogen 
consumed for different rations were: 


cm» 

Skim milk 34.41 

Home mixed casein meal ration 32.74 

Vegetable dried blood meal ration 26,85 

Home mixed meal ration 26.17 

Vegetable meal ration 26.14 


CONCLUSIONS. 

1. The nitrogen intake was rather constant per kilo of body 
weight. The maximiim difference was 12 per cent. 

2. Less nitrogen was excreted from the vegetable ration than 
from the dried blood ration, there being a difference of 4.7 per 
cent. 

3. It seems that when the nitrogen in the ration was the most 
snitable for growth, the nitrogen excreted was about evenly 
divided between the feces and the urine. 

4. The total nitrogen excreted from each of the five rations 
indicates that the mtrogen in the skim milk ration was absorbed 
to the greatest advantage and the other feeds in the order named: 
home mixed meal; home mixed casein meal, vegetable meal, and 
vegetable dried blood meal. 




d-marnoketoheptose, a new sugar from the 

AVOCADO.* 


Bt f. b. la forge. 

{From the Carbohydrate Laboratory, Bureau of Chcmistnj, United States 
Department of Agriculture, Washington*) 

(Received for publication, November 31, 191C.) 


This article describes the isolation of a new ketosc sugar, 
containing seven carbon atoms, from the fruit of Persea gratissima} 
commonly known as avocado or alligator pear. The sugar exists 
in the free state in the fruit and this fact is noteworthy because 
there is thus added another monosaccharide to the small number 
of such substances which have been found to occur in a free state 
in nature. It is striking that only two monosaccharides, namely, 
glucose and fructose, have been found widely distributed in 
any considerable quantity in the free state among all the numer- 
ous natural substances that have been investigated; the occur- 
rence of other sugars in nature seems to be usually in combined 
forms, such as the complex sugars, polysaccharides and glu- 
cosides. The new sugar is both a ketose and a heptose and is 
accordingly the fourth natural ketose to be isolated, the other 
three being fructose, sorbose, and ketoxylose,^ and is the first 
heptose to be found in nature, the previously known heptoses 
having all been prepared synthetically from hexoses. 

The plant in which the new sugar occurs is also the source 
of the long known d-perseite,^ a heptahydroxy alcohol which 
has been shown by Fischer^ to be the alcohol obtained by the 


Publisbfid with the permission of the Secretary of Agriculture. 

My attention was first called to the presence of an unfermentable 
sugar in this fruit by Dr. E. E. Butterfield, then of Bellevue Hospital, New 
York. 

2 :Uvene, P. A., and La Forge, F. B., J, Biol, Chem,, 1914, xviii, 319. 
^Avequin, Ann. chem, med, Ph, et Toxic, 1831, vii, 464. Maquenne, 
Compl, rend* Acad*, 1888, evii, 583. 

^Fischer, E,, and Passmore, F., Ber* chem* Ges*, 1890, xxiii, 2226. 
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reduction of a-mannoheptose. The occurrence in the same fruit 
of these two similar and rare seven carbon members of the sugar 
group suggests that there may be some biological relationship 
between them, and this view receives support from the fact that 
the new heptose can be transformed into <f-perseite b}' reduction 
with sodium amalgam, as will be described later. There is 
also produced by this reduction a second crystalline alcohol which 
appears to be identical with d-/3-mannoheptite which Peirce* 
has lately prepared from d-^-mannoheptose. In Peirce’s article 
conclusive proof is advanced that d-perseite [i.e., d-a-manno- 
heptite) has the configuration 

H H OH OH H 

CHiOH.C -C -C -C -C -CH-OH ® 

OH OH H H OH 

and the corresponding d-/S-mannoheptite the configuration 
H H OH OH OH 

CHjOH-C -C -C -C -C -GHjOH Po 

OH OH H H H 

While the formation from the new heptose of two alcohols haiing 
these space formulas may be taken to indicate that it has the 
configuration 

H H OH OH 0 

CH.OH.C -C -C -C .G-CH.OH 
OH OH H H 

it is to be remembered that the various alcohols of the su^ 
group are nearly impossible to distinguish bj' anab^is, 
many cases have such similar properties that positive i 
cation of then is a matter of considerable difficult;)- 
however, been possible to prove conclusively by o er 
that the avocado sugar has the configuration (HI)- 

Proof That the Avocado Sugar Is d-Mannoheiohepi 
Configuration (III)- 

-n-as found te 

The p-bromophenylh 3 ’-drazone of the new sug 
conlain 20.8 per cent bromine, bb an averase of Ore 

* Peirce^ G., J* BioL Chein»f 1915> xxiu, 327* 
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agreeing determinations. Since this hydrazone in the case of 
a hexose would contain 22.9 per cent bromine, in the case of a 
heptose 21,1 per cent, and in that of an octose 18.9 per cent, it 
is evident that the sugar is a heptose. This is in agreement 
with the fact previously mentioned that the reduction of the 
sugar yields a heptite, namely, perseite. The percentages of 
nitrogen and carbon in the p-bromophenylhydrazone, as recorded 
in the experimental part, also point to the same conclusion, which 
is further corroborated by the estimation of these elements in the 
phenylosazone of the new sugar. Its nitrogen content was 14.4 
per cent as an average of several determinations, and the cal- 
culated value for a hexose osazone is 15.6, for that of a heptose 
14.4, and in the case of an octose only 13.4. The carbon content 
was 59.2, and the corresponding values for the osazones of a 
hexose, heptose, and octose are 60.3, 58.8, and 57.4. This 
phenylosazone was found to melt at 200*^ and on comparing 
this value with the melting points of such of the heptose osazones 
as are known, it seemed probable that the substance might be 
identical with d-mannoheptose osazone, which Fischer^ found 
to melt at about 200°. However, i-mannoheptose osazone would 
of course melt at the same temperature. Since the osazones 
of the d and I forms of mannoheptose must have rotations of 
equal magnitude but opposite sign, a measurement of this prop- 
erty can serve to distinguish the two forms and can also serve 
as additional evidence that the osazone of one of them is identical 
with that of the avocado sugar. The osazone of d-mannoheptose 
was prepared and found to rotate in the same direction (right) 
as the osazone of the avocado sugar, and solutions of the two 
substances, of equal strengths, in a mixture of p 3 nridine and 
alcohol, gave the respective values, 0.35 and 0.48®, which do not 
differ beyond the lim its of error. Dr. F. E. Wright in the following 
article has compared crystals of the two osazones by petrographic- 
microscopic methods, and finds the substances to be identical. 
It is, therefore, accepted that the osazone of the avocado heptose 
is identical with that from d-mannoheptose. 

According to considerations of structure, d-mannoheptose 
osazone can be derived from three .heptoses just as glucose osa- 
zone can be prepared from three hexoses, glucose, mannose, and 
fructose. One of these heptoses is, of course, d-a-mannoheptose 
which Peirce® has shown to have the configuration 
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whicli is the antipode of (VII). Neither (VII) nor (VIII) can 
be the configuration of perseulose because neither can give the 
configuration of d-perseite by reduction. The other d-p-gahhep- 
tose of configuration 

OH OH H H OH 

OHC-C -C -C -C -C -GHjOH (IX) 

H H OH OH H 

the antipode of (VI), was obtained by Fischer as an uncrystalliz- 
able sirup, whereas perseulose crystallizes readily. Hence, , 
perseulose cannot be identical with either of these sugars and 
there remains the configuration 

O H OH OH H 

H 2 OHC.C .C -C -C .0 -CHiOH (X) 

OH H H OH 


This conclusion is supported by Bertrand’s generalization that 
the oxidation of the alcohols of the sugar group by Badenum 
xylinum only takes place at the carbon atom in an a position, 
and only then in case the hydroxyl on the /? carbon atom is on the 
same side of the configiiration as that on the a carbon. 

The conclusion that configuration (X) applies to perseulose 
requires that perseulose osazone be identical with 1-galaheptose 
osazone, rather than with that from d-galaheptose, a deduction 
which is not obtainable alone from the identity of the 
points of the osazones. The osazone of d-galaheptose w ® 
melted at 222°, as mentioned, was found to rotate to the ng • 
Hence, it must be concluded that f-galaheptose osazone, w 
seems to be identical with perseulose osazone, rotato 0 
left. The osazone of the avocado sugar rotates to e ^ 
thus completing the evidence that the sugar 'itself 
identical with perseulose or with either of the 1-gala ep Ob . 

In addition to d-mannoketoheptose and d-persei e 
of the avocado yielded another carbohy^ate; 
insoluble in aqueous alcohol which gave °° ^^henv/Mr^' 
The pentose was isolated in the form of its be zy p 

zone, , „„ fnimd in the ripe 

It should be mentioned that no starch was 

fruit of the avocado. 
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In the following article are given crystallographic and optical 
measurements of mannoketoheptose and an optical comparison 
of the osazones of mannoketoheptose and mannoaldoheptose.® 

EXPERIMENTAL. 

Preparation of d~Mannoketoheptose from the Avocado, 

The pulp of twelve avocados (Trapp variety), the aggregate 
weight of which was 3,500 gm., was passed through a sieve, 
mixed with about 6 liters of water, and filtered over night on folded 
filters. The residue was again extracted with the same amount 
of water and the combined filtrates were concentrated in a large 
dish on the steam bath to about 4 liters. The separated protein 
was removed by filtration and the solution concentrated under 
diminished pressure, with the addition of amyl alcohol to prevent 
foaming, to about 1.6 liters. 6 liters of about 98 per cent alcohol 
were added and the separated gum was filtered off with suction. 
The filtrate was then concentrated under diminished pressure 
to 250 to 300 cc. and sufficient absolute alcohol added to cause a 
permanent turbidity. After standing over night in the ice box, 
the perseite that had crystallized out was filtered off and the 
alcoholic solution was concentrated under diminished pressure 
to a thick sirup. It may be stated at this point that the first 
crystals of the sugar were obtained by preparing from such a 
sirup the cr3^talline p-bromophenylhydrazone, decomposing it 
with benzaldehyde and allowing the concentrated solution of the 
regenerated sugar to crystallize spontaneously. In later prep- 
arations it was found simpler to use the following procedure 
after crystals of the sugar had become available for seeding. The 
sirup referred to above was mixed with an equal volume of glacial 
acetic acid,^® seeded with a few crystals of the sugar, and allowed 


! niade by Dr. F. E. Wright of the Geophysical Laboratory 

o this city, to whom 1 wish to express my thanks. 1 also wish to thank 
Dr. C. S. Hudson for revising the manuscript of this article and for help- 
ful suggestions during the course of the work. 

According to the method of A. Wernicke, for crystallizing cane sugar 
(Bcr. chem, (?es., 1882, xv, 3105), and U. S. Patent No. 260,340 of June 27, 
^2. Dr. I. K. Phelps was the first to use this method in the Bureau 
of Chemistry, 
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0.1375 gm. substance gave 0.29S7 gm. CO. and 0.0771 HjO. 

0.14S5 19,9 cc, N* at 756 mm, and 18°, 

0,1457 18.4 768 " 22°. 

Calculated for 
CiiH«OiNj: Found? 

C 58.76 69.24 

H 6.19 6.23 


A solution of 0.1000 gm. of osazone from the avocado sugar 
in 5 cc. of pjTidine alcohol mixture rotated with sodium light in 
a 0,5 dm. tube after about 15 minutes + 0.74°, to the right, and 
after 24 hours + 0.35°. 

A solution of 0.1000 gm. of osazone from mannoaldoheptose 
under the same conditions rotated after 15 minutes + 0.78°, to 
the right, and after 24 hours + 0.48°. 

Attempt to Oxidize the Avocado Sugar with Bromine . — ^An aque- 
ous solution of the sugar, 5 cc. of which corresponded to (I) 
0.0964 gm. of Cu.O, (II) 0.0954 gm. of CusO, was allowed to 
stand for 4 daj’s wnth an excess of bromine. After this time 5 cc. 
were boiled to remove the bromine and corresponded to 0.0952 
gm. of CujO, wliich shows that no appreciable oxidation had taken 
place. 

Reduction of Heptose. — 6.5 gm. of the avocado sugar w^e 
reduced with sodium amalgam in the usual way. The sojutwn 
was kept at about 0° for the first 4 hours and 
sulfuric acid frequently throughout the reaction. 

8 horns' action of the amalgam, the solution which then s o 
no reduction with Fehling’s solution was concentrate ^ 
diminished pressure until a large part of the sodi^ f ^05 per 
crystallized out. It was then poirred into 1.5 liters 0 
cent alcohol and the alcoholic solution concentrated ® .^j 

15 cc. and diluted with about 200 cc. of absolute methyl a 
On standing 24 hours, 1.25 gm. of d-perseite ciys J 
This was once recrystallized from dilute methyl co 
melted then at 188°. It rotated in saturated aqueo 
solution as follows: 

Ur _ + 0.41° X 5.6062 ^ ^ 4 53 = 

^ “ 1 X 0.5069 
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The characteristic heptacetate of d-perseite was obtained 
by warming one part of the crystals with ten parts of acetic 
anhydride in the presence of a trace of zinc chloride. The re- 
action mixture was poured into water and after the oil which 
first separated out had crystallized, the product was filtered off 
and purified by recrystallization from 70 per cent alcohol. It 
melted at 119°. 


0.1526 gm. substance gave 0.0831 gm. H 2 O and 0.2806 gm, COj. 

Calculated for 

CuHioOu: Found: 


C 49.80 50.14 

H 5.92 6.05 


From the filtrate from perseite the second heptite was obtained 
on evaporation as a sirup which crystallized on slow addition of 
alcohol and stirring. After washing with 95 per cent alcohol 
and drying, the yield amounted to 2.6 gm. This second hexite 
was recrystaUized three times from fifteen to twenty parts of 95 
per cent alcohol, and it melted at about 140° to a turbid viscous 
liquid which did not become clear until the temperature was 
raised to about 215°. It was, therefore, sublimed in a high 
vacuum and was then found to melt simultaneously with a sample 
of d-jS-mannoheptite prepared by Peirce, at 149-155°, uncorrected. 

0.1425 gm. substance gave 0.0952 gm, H 2 O and 0.2071 gm. CO 2 . 

Calculated for 

CtHuOtI Found: 

^ 39.60 39.63 

7.64 7.42 


In aqueous solution it showed a dextrorotation as follows: 


r i» ^ + 0.24° X 5.4987 
*■ 1X0.5174 


+ 2.55” 


0.4994 gm. in 5 cc. of saturated aqueous borax solution rotated in a 
1 dm. tube + 0.93”. 


d-Galaheptose Osazone. This was prepared in the usual way 
from (f-a-galaheptose.® It crystallized from methyl alcohol in 
long needles which melted at 216° (222° corrected). A solution 
of 0.1 gm. of substance in 10 cc. of pyridine alcohol mixture 
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also the results obtained by computation from the weighted 
measurements of the angles: 001:I01 = 100:110 = 52“ 

31'; 001: 100 = 63“24'. 

The forms 001, 100, 110, llo, 101 were present on all five 
crj'stals; the forms 111, 201 were observed only once; the face 
111 W'as so rounded and poorly developed that it cannot be con- 
sidered to be an established form. The faces 110, 110 were 
invariably rounded and gave, on the gom'ometer, fight streak ' 
signals whose general directions were in accord with the mono- 
clinic sphenoidal symmetiy of the crystal; the faces lIO, HO, on 
the other hand, were commonly flat and gave single, sharp re- 




Fig. 1. Crystal of mannoketoheptose. 

Fro. 2, Etch figures on difiorent faces of a crystal of zaBODoketohep o 


flection signals. This pronounced difference in the 
of development of the prism faces on opposite sides 
of symmetry indicates that there is a digonal poto ° 
metry, but not a plane of symmetry, present; this worn P ^ 
the crystal in the monoclinic hemimorphic class (digona 
type) with the 6-axis as the digonal axis of symmetry. 

To test this inference a number of the crystals were 
for 10 seconds in 95 per cent alcohol and etch figmes pr^^ 

The etch figures were small and unequally deve ope 
different faces; they were studied both j^shapes are 

mitted light. Some of the more commoriy obse 
indicated in Fig. 2. These prove that there is no p 








F. E. Wright 


525 


metry present; also that the flat prism faces 110, 110 react, with 
respect to the solvent, differently from the faces 110, 110. These 
relations suffice to establish the polar character of prism faces. 

The optical relations are in accord with the monoclinic sym- 
metry deduced from the crystallographic data. The optical 
orientation is; 6 = Pi c:y = 26°36'. Optic axial angle 2E > 180°; 
optical character +. The refractive indices were measured 
in sodium light with an Abbe-Pulfrich total refractometer on the 
flat basal pinacoid of a crystal about 1 sq. mm. in area, a ~ 
1.547, p = 1.570, y - 1.595; y - a ^ 0.048, y- P = 0.025, 
P — a — 0.023. The acute bisectrix y is normal to the basal 
pinacoid; this was proved by direct observation of the inter- 
ference figure from the basal pinacoid; also by measurement of 
the optic axial angle on the axial angle apparatus; and by the 
straight boundary line of the refractive index y as observed on 
the total refractometer during a complete rotation of the cr3^tal 
about the vertical axis. 

The optic axial angle was measured directly on a small crystal 
immersed in a reff active liquid of index P = 1.570; an average 
value of 2V = 89° was obtained. No appreciable dispersion 
was noted either of the bisectrices or of the optic axes. One of 
the optic axes on each side of the crystal presented an abnormal 
appearance as though there were two optic axes, the one directly 
under the first; the zero isogyre of this optic axis was inclined 
at an appreciable angle with the principal Nicol planes. The 
phenomena were, however, indistinct because of the smallness 
of the crystal, and this interesting aspect of the optic axis was 
not investigated further. The optic axial angle was also computed 
from the refractive indices and the value 2V = 89° obtained; 
the excellent agreement between this computed value and the 
above measmed value is the result rather of chance than of pre- 
cision in the measurements. It is significant, however, that in 
both cases y is found to be the acute bisectrix; the crystals are, 
therefore, evidently optically positive. 

The Osazones of Mannokeioheptose and Mannoaldoheptose, 

The two preparations consist, as far as can be determined, of 
the same crystal substance. They are lemon-yellow powders 
very fine-grain'ed, and more or less aggregated in loose clusters 
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Under the microscope one of the samples is seen to consist of 
fine radial spherulites averaging 0.04 mm. in diameter. The 
second is composed chiefly of fine needles 0.01 to 0.02 mm. long 
and 0.002 to 0.005 mm. wide; in it fan-shaped portions of radial 
spherulites are also present in small amounts. The needles of 
both samples are strongly refracting, the average refractive in- 
dex being approximatelj'’ 1.775. The birefringence is medium. 
Especially characteristic are the abnormal interference colors 
which range from orange-jmllow to blue-green and are the result 
of remarkably large dispersion of the bisectrices and also of strong 
spectral absorption of all light waves below 470 mi. A measure- 
ment of the amount of dispersion was made with the aid of a 
monochromatic illuminator. The extinction angle on one of the 
needles varied with the wave length as follows; 


Wave length in /ifi : 616 577 552 514 495 

Extinction angle (c : a') : IS” 25.5'' 34° 44° 50° 


Below 490 mi the crystals absorb the light so strongly that at 
470 fi/i practically no light is transmitted even in the thinnest 
needles. This fact was tested further by observing that the needles 
illuminated by the blue and violet lines (435, 407, 404 iiii) of an 
intense quartz mercury arc appeared perfectly black and opaque. 

As a result of the strong dispersion of the bisectrices the nee es 
do not show in wliite light a position of total extinction but on y 
a rapid change in hue from orange-yellow to blue-green at e 
position of normal e.xtinction. The elongation of the fi ers 

positive (y'). pf 

These optical data suffice to prove that the crystal sys 
this substance is either monoclinic or triclinic. 
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